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Since Clusius first documented floral heteromorphy in Primula in the 16
th
 century, 
the genus has been a model system for those studying the development of different 
floral morphs on plants of the same species. Over the centuries, eminent botanist and 
geneticists, including Darwin, Hildebrand and Ernst, have furthered our 
understanding of the phenomenon in a number of species. In Primula vulgaris 
(Common Primrose), in which flowers take either a long styled (Pin) or short-styled 
(Thrum) form, heteromorphy is linked to a sporophytic self-incompatibility system, 
with both mechanisms under the control of the highly conserved, diallelic Self-
Incompatibility (S) locus.  
Whilst classical genetic approaches have identified basic functions of the S locus, as 
well as the order of the loci controlling these features within the locus, the molecular 
structure of this important region of the genome remains unknown. Recently, a 
number of molecular S-linked markers have been characterised, providing an 
opportunity to begin molecular characterisation of the locus as well as its immediate 
surroundings. 
Using these markers as a guide, a single contiguous sequence has been assembled to 
join three of these markers together, spanning the region in which the mechanisms 
preventing recombination within the locus breaks down. Within this region, 51 genes 
have been identified and annotated. Homologues of these genes have been identified 
in Solanum lycopersicum, Oryza sativa and Arabidopsis thaliana, providing an 
insight into the convergence and divergence of genes between the four species. 
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As hermaphrodites, the majority of angiosperm species possess both male and 
female reproductive organs within their flowers. Therefore, in order to avoid self-
fertilisation and inbreeding depression, many hermaphrodite angiosperms have 
developed a wide variety of reproductive mechanisms that can help to promote 
outcrossing and limit self-fertilisation (Muller, 1932, Solbrig, 1976; Charlesworth 
and Charlesworth, 1987; Barrett, 2002a).  
One of the most important methods of promoting outcrossing is self-incompatibility; 
the ability a flower to reject its own pollen (de Nettancourt, 2001). In the majority of 
species which display self-incompatibility, this is controlled by a single, multi-allelic 
locus known as the Self-Incompatibility (S) locus (Takayama and Isogai, 2005). 
An alternative, and sometimes secondary, method of promoting outcrossing is the 
development of morphological differences between individuals, known as 
heteromorphy. The Primula genus is a classic example of this strategy and, with over 
90% heterostylous species, has the largest number of heteromorphic species of any 
genus (Ganders, 1979; Lewis, 1979; Richards, 1986). The flowers of Primula can 
take one of two forms, named Pin and Thrum according to their outward appearance. 
In Pin individuals, the stigma atop the long style appears as a pin head within the 
mouth of the corolla while, in Thrum individuals, the ring of anthers around the 
corolla is said to look like the end of weaver’s threads (Darwin, 1877). The flowers 
on any one individual always take the same form and this is closely linked to self-
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incompatibility, with both mechanisms controlled by the S locus (Dowrick, 1956; 
Clapham, 1971). 
Since Clusius first recorded two forms of flowers within Primula in 1583 (van Dijk, 
1943, Ganders, 1979), many others, including Darwin (1862, 1877), Hildebrand 
(1863), Bateson and Gregory (1905), Mather and de Winton (1941), Dowrick (1956) 
and Charlesworth and Charlesworth (1979a) have taken steps to help further the 
understanding how this mechanism is inherited by Primula species. However, whilst 
the phenotypic and genetic characterisation of floral heteromorphy has received a 
great deal of attention, it is only recently that more has been paid to the molecular 
characterisation of this region (Manfield et al.; 2005, McCubbin et al.; 2006, Li et 
al., 2007, 2008, 2010, 2011). 
A number of S locus markers have now been characterised in Primula vulgaris 
(Manfield et al., 2005; Li et al., 2007, 2010). Using these markers as a guide, it is 
now possible to illuminate the area immediately surrounding the S locus and to 
identify other genes within this critical region of the Primula vulgaris genome. 
 
 
1.2 Self-Incompatibility systems in angiosperms 
Self-Incompatibility (SI) has been noted in over 100 species of flowering plant, with 
an estimated 40% of all angiosperm species able to prevent self-fertilisation (Igic et 
al., 2008). Although various SI systems have evolved independently in different 
species, most rely on a single self-incompatibility (S) locus, a complex inherited as a 
single segregating unit (Takyama and Isogai, 2005).  
The S locus also displays a high level of allelic diversity with up to 145 different 
alleles estimated to exist within a single population of some species, giving rise to a 
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variety of possible SI phenotypes in pollen (Xue et al., 1996; Lawrence, 2000). As 
such, it is these SI phenotypes, expressed by pollen, and the passage of information 
between haploid pollen and diploid style, through male and female determinants, that 
form the basis of self-incompatibility (Golz et al., 1995).  
When compatible pollen lands on the pistil, the dehydrated grain is able to absorb 
water from the style and resume metabolism, extruding the pollen tube to transmit 
genetic information to the ovary (Gaude and McCormick, 1999). However, in self-
incompatible species, the style or stigma is able to reject incompatible pollen if the 
self-incompatibility phenotype of the pollen matches that of the style (Silva and 
Goring 2001). This SI phenotype can be determined by one of two genetic 
mechanisms, giving rise to two distinct SI systems: Gametophyic self-
incompatibility (GSI) and Sporophytic self-incompatibility (SSI).  
 
1.2.1 Gametophytic self-incompatibility 
The most widespread form of SI is Gametophytic self-incompatibility (Newbign et 
al., 1993). In this system, compatibility between pollen and style is determined by 
the S allele contained in the haploid genome of pollen (Brewbaker, 1957). If the 
single S allele expressed by the gametophyte matches either of the co-dominant 
alleles possessed by the diploid style, the pollen is incompatible and the fertilisation 
process is arrested (Matton et al., 1994). In most GSI systems, this is not an 
immediate process. The incompatible pollen is allowed to germinate on the stigma, 
extruding a pollen tube into the style. Tube growth is then stopped as it grows 
through the central transmitting tract towards the ovary (Newbigin et al., 1993). 
Two types of GSI system have been described (Kao and Tsukamoto, 2004). The first 
of these is observed in the Solanaceae, Rosaceae and Plantaginaceae and relies on 
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secreted ribonuclease (S-RNase) as a female determinant, that is the component of 
the SI system produced by the female organs (Hiscock and McInnis, 2003a). In this 
system, a build up of S-RNase occurs within the transmitting tract of the recipient 
style, acting as a female determinant (McClure et al., 1989). Upon extrusion of the 
pollen tube through the tract, the accumulated enzymatic S-RNase has been shown to 
degrade rRNA within the tube, unless the pollen inhibits it, though the precise 
mechanism of inhibition remains unknown (Luu et al., 2000). In addition to the S-
RNase produced by the stlye, the male determinant in this GSI system has been 
shown to be an F-box protein encoded within the S locus. Again, the way in which 
this F-box protein interacts with the S-RNase remains unclear though the action of 
an F-box protein as a determinant suggests the involvement of the Ubiquitin-26S-
proteasome degradation pathway (Sijacic et al., 2004; Takayama and Isogai, 2005; 
Iwano and Takayama, 2012). A similar, S-RNase based system is also involved in 
the rejection of pollen from other species, making the S-RNase based system the 
most widely used pollen rejection system among angiosperms (McClure, 2004; 
Murfett et al., 1996).  
The second type of GSI system has been be characterised exclusively in the 
Papaveraceae, and has been studied extensively in the field poppy, Papaver rhoeas. 
Although incompatibility in this system is also determined by the haploid genome of 
the pollen, this system differs largely from that seen in Solanaceae, Rosaceae and 
Plantagenaceae (Takayama and Isogai, 2005).  
In P. Rhoeas, the female determinant has been characterised as a small (~15kDa) S 
protein named P. Rhoeas stigma S determinant (PrsS) that is secreted onto the 
stigma (Franklin-Tong and Franklin, 2003). Following pollination, this interacts with 
the highly polymorphic ~20kDa P. Rhoeas pollen S determinant (PrpS) protein that 
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acts as the male determinant (Wheel et al., 2009). Located in the plasma membrane 
of the pollen surface, PrpS interacts directly with PrsS to instigate a Ca
2+
 dependent 
phosphorylation of pyrophosphataes arrests pollen tube growth. Subsequently, a Ca
2+
 
influx in the arrested pollen tube initiates programmed cell death and actin 
depolymerisation, thus preventing fertilisation (Hearn et al., 1996; Huang et al., 
2004; Thomas and Franklin-Tong, 2004; de Graaf et al., 2006; Wheeler et al., 2009; 
Iwano and Takayama, 2012; Eaves et al., 2014). As such, this mechanisms also 
differs from that described above as the SI reaction occurs on the stigmatic surface, 
instead of within the central transmitting tract of the style (Hiscock and McInnis, 
2003a). 
 
1.2.2 Sporophytic self-incompatibility 
Sporophytic self-incompatibility (SSI) differs from GSI in that the SI phenotype of 
the pollen is determined by the diploid genome of its sporophyte parent as opposed 
to its own haploid genome (Takayama and Isogai, 2005). As such, pollen grains 
appear to express two SI alleles, and rejection occurs if either allele matches those 
possessed by the style. In this system dominant-recessive relationships may occur 
between alleles independently in pollen and in the stigma (Matton et al., 1994; 
Hiscock and McIInis, 2003b). SSI has been identified in a number of species and 
evidence suggests that it has evolved independently on each occasion, however 
many systems share the characteristic that pollen tube growth is arrested at an early 






1.2.2.i Sporophytic self-incompatibility in Brassicaceae 
Of the various SSI systems used by different species, the most extensively studied 
system is that seen in the Brassicaceae (Hiscock and McInnis , 2003b). Similar to 
the GSI system seen in Papaveraceae, SSI in Brassica takes place on the stigmatic 
surface and is the result of protein interactions (Newbigin et al., 1993). Although the 
Brassica S locus has been shown to contain as many as 17 genes, only 2 highly 
polymorphic genes are directly involved in the self-incompatibility reaction (Suzuki 
et al., 1999; Hiscock and McInnis, 2003b). 
 In this system, the female determinant, encoded by the S locus, is a serine/threonine 
receptor kinase named S locus receptor kinase (SRK) (Takasaki et al. 2000; Iwano 
and Takayama, 2012). Although able to function alone, the efficiency of SRK in 
rejecting incompatible pollen is enhanced by the action of a glycoprotein named S 
locus glycoprotein (SLG) (Takasaki et al., 2000).  
The male determinant in this system is a small, S locus cysteine-rich protein (SCR), 
also known as S locus protein 11 (SP11) (Schopfer et al., 1999; Shiba et al., 2001; 
Takayama et al., 2001) SP11 is expressed in the anther of the parent plant and 
accumulates within the pollen coat (Suzuki et al., 1999). Upon pollination, SP11 in 
the pollen coat binds to SRK on the stigmatic surface, inducing autophosphorylation 
of SRK. The precise pathway leading to pollen rejection is still unclear but a number 
of proteins involved in the process have been identified. Following this activation of 
SRK, a complex is formed between SRK and Brassica M locus Protein Kinase 
(MLPK), activating downstream signalling proteins (Murase et al., 2004; Kakita et 
al., 2007a,b; Haasen and Goring, 2010). The best known of these downstream 
proteins is the Brassica ARM-Repeat Containing-1 (ARC1) protein, a Ubiquitin E3 
ligase that Ubiquitinates a further protein Exo70A1, preventing secretory vesicles 
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from reaching the pollination site and the pollen is rejected (Gu et al., 1998; Samuel 
et al., 2009; Chapman and Goring, 2010; Indriolo and Goring, 2014). Support for the 
role of ARC1 in self-incompatibility has been provided by it absence in self-
compatible Brassica species but presence in other species such as Arabidopsis lyrata 
(Indriolo et al., 2012).  In the event of a match between S phenotypes of pollen and 
style, determined by allele of SP11 expressed in the pollen coat, the pollen is 
rejected. Interestingly, it has been shown that this mechanism can be reversed if 
pollen is transferred to a compatible stigma at an early stage of germination (Sarker 
et al., 1988). 
 
1.2.2.ii Self-incompatibility in Primula vulgaris 
In contrast to the well studies mechanism seen in Brassicaceae, the self-
incompatibility system employed by the Primulaceae, in particular Primula vulgaris, 
is largely unknown. Unlike the homomorphic systems discussed above, Primula 
vulgaris is a heteromorphic species. As a result, it is difficult to compare self-
incompatibility in Primula with the homomorphic GSI and SSI mechanisms 
described above. However, as a heteromorphic species, Primula is considered to 
possess a sporophytic self-incompatibilty system, as the pollen also displays dis[lays 
behavious determined by the diploid parent. This assumption has been supported by 
evidence from Primula obconica, where it has been demonstrated that materials 
from the anther are present within the pollen coat (Stevens and Murray, 1981; Gibbs, 
1986; Charlesworth, 1988). This was also supported an earlier suggestion that pollen 
size and the male S phenotype in Primula were closely linked, indicating that the 
male determinant was determined by the diploid parent (Dulberger, 1975). 
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Beyond this, the precise mechanisms of the sporophytic self-incompatibility reaction 
in Primula vulgaris remains unclear, though it is known to be controlled by the same 
supergene as floral heteromorphy (Stevens and Murray, 1981). However, whilst 
other SSI systems have been characterised, the diversity of these, as a result of their 
independent evolutions, suggests that the mechanism seen in Primula will be largely 
unique (Barrett, 1998) 
 
 
1.3 Characteristics of floral heteromorphy 
Floral heteromorphy, the development of more than one form of flower in 
individuals of the same species, is a long studied phenomenon of flowering plants. A 
particularly well studied form of floral heteromorphy is heterostyly, Since it’s first 
documentation by Clusius in 1581, at least 28, diverse angiosperm families have 
been reported in which flowers take different forms (van Dijk, 1943; Ganders, 1979; 
Barrett, 2002a; Kohn and Barrett, 1992; Mast and Conti, 2006). The condition was 
studied extensively by Charles Darwin, who first identified the variation in forms of 
flowers as a mechanism to promote outcrossing rather than a mere morphological 
oddity (Darwin, 1877; Barrett et al., 2000).  
Heterostyly is a condition in which flowers from different individuals of the same 
species take different forms by altering the position of the male anthers and female 
style within the flower (Barrett, 2002a). This spatial separation of reproductive 
organs within the flower is known as herkogamy and is separate to dichogamy, a 
temporal separation in activity of reproductive organs, though both achieve the same 
goal of preventing sef-pollination (Webb and Lloyd, 1986; Lloyd and Webb, 1986). 
In many of the species identified as heterostylous, this arrangement of sexual organs 
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is linked to a diallelic, heteromorphic sporophytic self-incompatibility system, 
though a small number of heterostylous species such as Narcissus triandrus and 
Salvia brandegeei have been shown to be self-compatible (Gibbs, 1986; Barrett et 
al., 1997; Barrett et al., 2000). 
Heterostylous species can be classed as distylous or tristylous, according to the 
number of flower morphs seen within the species. In distyly, two arrangements of 
style and anthers are seen between morphs and in tristyly, three floral morphs are 
observed. These arrangements are typically reciprocal between morphs, see Figure 
1.1, and, in many species, the forms are named Pin (long styled) and Thrum (short 
styled). The spatial separation of style and anthers acts to increase the precision of 
pollen transfer between morphs. For example, pollen from the short styled form is 
deposited upon the insect pollinators body in such a way that it contacts with the 
stigma of the long styled form (Barrett, 2002a). In addition to this reciprocal 
herkogamy, differences are also often seen between features such as stigmatic 
papillae and pollen size (Ganders, 197; Barrett, 1992; Barrett, 2002a). These 
polymorphisms also contribute to an intramorph self-incompatibility system, 
preventing fertilisation between two individuals that possess the same stylar 
arrangement (Barret, 2002).  
Another form of reciprocal herkogamy, recorded in at least 10 angiosperm families, 
is enantiostyly, in which the female organs of the flower are deflected to one side, 
resulting in flowers that are mirror images of each other (Jesson, 2002; Jesson and 







This has a similar effect on pollination as distyly described above, ensuring that 
pollen deposited on the right hand side of the pollinator comes into contact with the 
stigma of the mirror image morph (Bowers, 1975). There are two known types of 
enatntiostyly; monomorphic enantiostyly and dimorphic enantiostyly. In 
monomorphic individuals, flowers with styles deflected both left and right are 
present. However, in dimorphic enantiostyly, all flowers on an individual possess 
styles deflected in the same direction (Barrett, 2002b).  
A further form of heteromorphy, called Flexistyly, has been documented more 
recently in tropical ginger species such as Alpinia (Li et al., 2001; Zhang et al., 
2003). In these species, which produce up to 10 hermaphroditic flowers that last only 
a single day, two phenotypes are seen, in which the styles are extended at different 
angles. However, after midday, the styles extend downwards to expose anthers and 
the flower enters a male phase (Li et al., 2001). This form of heterostyly has been 
Figure 1.1 Reciprocal Herkogamy in distylous angiosperms. The anthers of the 
long styled (Pin) form (left) are level with the stigma of the short styled (Thrum) 
form (right) so as to increase the precision of intramorph pollination. 
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named heterodichogamy, as it involves multiple style morphs present at different 
times and the morphs are often seen in a 1:1 ratio (Renner, 2001). 
 
 
1.4 Floral heteromorphy and di-allelic self-incompatibility 
As described in 1.3, floral heteromorphy is often closely linked to a diallelic self-
incompatibility system and is therefore under the control of the S locus. Although 
this link was first recognised by Darwin (1862), it was Bateson and Gregory (1905) 
who demonstrated that the system was controlled by a single Mendelian dominance 
relationship. In almost all heteromorphic species, Pin individuals were shown to 
homozygous for this locus, with the genotype ss, whilst Thrum individuals are 
heterozygous, Ss. The genotype SS would also be phenotypically Thrum, though this 
genotype is extremely rare in nature (Vuilleumier, 1967). Subsequent genetic 
analysis has shown that this locus in fact consist of at least three separate functions 
that combine to govern self-incompatibility and floral heteromorphy and these will 
be described further in 1.5.2. 
Floral heteromorphy and its link to self-incompatibility have been studied in a 
number of species including Turnera, Fagopyrum and Linum and these systems will 
now be examined more closely. 
 
1.4.1 Floral heteromorphy in Turnera 
Floral heteromorphy has been reported in 37 Turnera species though the most 
extensive studies have been made in Turnera subulata (White Alder) or Turnera 
ulmifolia (Yellow Alder) (Urban, 1883; East, 1940; Barrett, 1978).  
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The majority of Turnera populations are dimorphic, with flowers typical of either a 
long styled Pin morph and a short styled Thrum morph present in a 1:1 ratio (Barrett, 
1978). The two morphs are incompatible and evidence suggests that distyly in this 
species evolved as a result of an already existent self-incompatibility between 
individuals (Martin, 1965).  
Following the identification of a revertant short styled mutant, a genetic map of the 
Turnera S locus has now been initated (Tamari et al., 2005; Shore et al., 2006). As 
such, 2 S locus markers have now been identified as well as 3 additional markers that 
co-segregatae with the locus (Labonne et al., 2008). A number of BAC contigs have 
also been assembled to span the S locus, allowing an estimation of recombination 
rates around the S locus and it is hoped that this will lead to the identification of the 
genes within the locus (Labonne and Shore, 2011).  
In addition to these studies of distylous Turnera, monomorphic Turnera populations 
have also been identified, in which both long stamens and long styles are observed in 
self-compatible flowers (Barrett and Shore, 1987). Analysis of these populations as 
well as mutants generated using X-ray mutagenesis of Turnera subulata have shown 
that the Turnera S locus is very similar to the system seen in Primula, discussed in 
1.5 (Labonne et al., 2010). Typical of heteromorphic species, short styled individuals 
are heterozygous at the S locus (Ss) whilst long styled individuals are homozygous. 
However, although homozygous SS genotypes rarely occur in nature, SS individuals 
have been observed (Shore et al., 2006).  This suggests that, although rare, 
homozygous Thrum individuals are viable and do not possess the S locus linked 
recessive lethal gene postulated in exist in other heteromorphic species such as 




1.4.2 Floral heteromorphy in Fagopyrum 
Fagopyrum esculentum (buckwheat) is another example of a distylous angiosperm, 
with flowers again taking either a long styled (Pin) or short styled (Thrum) form and 
demonstrating distylous sporophytic self-incompatibility and a ratio between morphs 
of 1:1 is typically seen in populations (Cawoy et al., 2009). 
The S locus of Fagopyrum is thought to contain 5 genes controlling style length (G), 
stylar incompatibility (I
s
), pollen incompatibility (I
p
), pollen size (P) and anther 
height (A) (Sharma and Boyes, 1961). As a result, the S and s alleles can be 








pa respectively, with Thrum individuals 

















(Sharma and Boyes, 1961; Cawoy et al., 2009). However, in homomorphic 
Fagopyrum homotropicum, an extra allele of the S locus has been identified, in 
addition to S and s, and has been named S
h
 (Woo et al., 1999).  
Analysis of this allele, through interspecific crosses between F. homotropicum and 
F. esculentum, has shown that this allele retains a degree of control over 
heteromorphic self-incompatibility, suggesting that S
h
 is a result of recombination 
within the S locus (Matsui et al., 2003). This discovery has led to the suggestion that 
the control of floral heteromorphy and self-incompatbility, whilst linked, is split 
between two loci in F. homotropicum. The first locus is responsible for self-
incompatibility, with a dominance relationship between alleles of S>S
h
>s and the 
second is responsible for flower morphology (Woo et al., 1999; Matsui et al., 2004; 
Wang et al., 2005; Cawoy et al., 2009). 
The mechanism of self-incompatibility in Fagopyrum has also been observed. 
Following pollination with incompatible pollen, the pollen is allowed to germinate 
on the stigmatic surface and the pollen tube is extruded. Similar to the GSI system 
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seen in the Solanaceae, pollen tube growth is then arrested within the style, though 
Si in Fagopyrum is sporophyically controlled (Marshall. 1969). This inhibition of 
growth occurs closer to the stigma in Thrum individuals, though this results in the 
arrest of pollen tube growth at the same distance from the ovary in both forms 
(Cawoy et al., 2009; Schoch-Bodmer, 1934). Different proteins have been identified 
in short styled and long styled forms that are though to have a role in SI, including a 
50kDa protein expressed in the Pin style 2 hours after fertilisation with incompatible 
pollen  (Miljuš-Đukić et al., 2004). In addition to this, it has been shown the protein 
phosphatases and calcium are both involved in SI signal transduction (Miljuš-Đukić 
et al., 2003). 
 
1.4.3 Floral heteromorphy in Linum grandiflorum 
Similar to Turnera and Fagopyrum, two forms of Linum grandiflorum (Scarlet Flax) 
exist, possessing either a long or short style. However, unlike those species discussed 
above, little difference is seen in the height of the anthers between the flowers of the 
two morphs. As such, L. grandiflorum can be more accurately described as 
exhibiting stylar length polymorphism rather than being typically distylous, as used 
to describe Turnera, Fagopyrum and Primula (Lewis, 1943). Although the species 
lacks true reciprocal herkogamy, it can still be considered heterostylous and 
Darwin’s studies of the species showed that the morphs are self-incompatible  
(Darwin, 1863, 1877; Weller, 2009). 
In L. grandiflorum, pollination by incompatible pollen leads to different responses 
according to the nature of the pollen. When pollen from a long styled (Pin) 
individual lands on another Pin style, it is unable to germinate, as it is unable to 
absorb water from the style for rehydration, In contrast, when pollen from a short 
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styled individual (Thrum) lands on another Thrum style, rehydration occurs and the 
pollen tube is extruded, though this later bursts within the style (Lewis, 1943). 
Similar to the case seen in Fagopyrum, although this termination of pollen tube 
growth within the style is typical of a GSI system, SI in Linum is sprophyticaly 
controlled (Gibbs, 1986). This is possibly due to the difference is stigmatic seen 
between the two forms using SEM analysis. Through studies of a number of species 
which display SSI, Heslop-Harrison and Shivanna (1977) characterised the ‘wet’ and 
‘dry’ types of stigma. In the Pin form of L. grandiflorum, the stigma is coated in a 
smooth pellicle, typical of the ‘dry’ type of stigma. In contrast, the Thrum stigma is 
of the ‘wet’ type, having a disrupted, broken coating with fluid secreted onto it 
(Heslop-Harrison and Shivanna, 1977; Ghosh and Shivanna, 1980). Additionally, 
upon hydration of pollen grains, proteins on the pollen surface, and originating from 
the parent anther, are unfolded and emitted onto the stigmatic surface (Dulberger, 
1990). Therefore, whilst homozygous ss Pin pollen is immediately recognised as 
incompatible, this may explain why germination of heterozygous Ss Thrum pollen is 
not immediately prevented. 
A further difference between the two forms of L. grandiflorum is the osmotic 
pressure observed in pollen and styles. In both compatible pollinations (Pin pollen to 
Thrum style or Thrum pollen to Pin style) the same ration of 4:1 exists in the 
osmotic pressure of pollen:style. However, in intramorph pollinations, this ratio is 
5:2 in Pin and 7:1 in Thrum. As such, it has been proposed that this ratio has a direct 
effect on the successful growth of pollen tubes, though more recent studies have 





1.5 Floral heteromorphy in Primulaceae 
1.5.1 Phenotypic characterisation of heteromorphy 
Primula species have been model systems for the study of heteromorphy since 
Clusius documented the different forms of flowers in Primula species (van Dijk, 
1943, Ganders, 1979). However, the most influential work on the phenotypic 
characterisation of hetermorphy was Charles Darwin’s work in 1862 (Darwin, 1862). 
It was in this work that Darwin combined existing horticultural knowledge of 
hetermorphy with his own studies of heterostyly and he later drew his ideas together 
in his 1877 work The Different Forms of Flowers on Plants of the Same Species. 
Although he also published works on other heteromorphic species such as Linum, the 
first chapter of this book focuses solely on the Primulaceae, with particular emphasis 
on P. veris (Cowslip), and his work formed a basis for much future work on the 
system (Darwin, 1862, 1863, 1877; Weller, 2009). 
When studying P. veris, Darwin (1877) observed that the pistil in a Pin flower was 
almost exactly twice the length of that seen in a Thrum flower. In Pin flowers, the 
stigma can be seen in the corolla mouth and sometimes extends out above the petals 
and the surface of the stigma bears a small depression. Conversely, the stigma in 
Thrum flowers is more rounded and, in its place, a ring of anthers can be seen 
around the mouth of the corolla. However, the shape of the corolla is more 
cylindrical in Thrum flowers, whilst a widening of the tube is seen in Pin flowers. 
Darwin (1877) also noted that the stigmatic papillae cells in Thrum were a half to a 
third of the size of those seen in the rougher stigma of Pin flowers. 
In his examinations of the flowers’ male organs, Darwin (1877) recorded that, unlike 
some other heteromorphic species, the anthers were the same size in both forms. 
However, the pollen that Darwin collected from Pin flowers was only 2/3 the size of 
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that which he collected from Thrum flowers. Further to this, the Pin pollen that 
Darwin observed had an oblong shape, in contrast to the rounded shape of Thrum 
pollen.  
Darwin (1862, 1877) also conducted a number of crosses between Pin and Thrum 
individuals to observe the pattern of self-incompatibility within Primula veris, 
terming crosses between morphs ‘legitimate unions’ and referring to those between 
the same forms as ‘illegitimate unions.’ This led to a further observation that, 
although Pin flowers possessed a larger ovule than Thrum flowers, they produced 
fewer seeds following a legitimate union. 
Through these experiments, Darwin demonstrated that, although illegitimate unions 
did lead to seed set, the amount of seeds produced was much smaller than that seen 
in legitimate unions. The seeds produced through illegitimate unions were also less 
viable than those produced legitimately and seed set following illegitimate unions 
was severely restricted in conditions that had no effect on seeds produced 
legitimately. Darwin also recorded that, of the different illegitimate unions possible, 
self-fertilisation produced fewer seeds than cross fertilisation between two 
individuals of the same morph, concluding that the self-fertilisation of a Thrum 
individual produced the fewest seeds of all. 
Darwin (1877) also recorded his observations of P. vulgaris (common primrose). 
Similar to P. veris, he noted that P. vulgaris Thrum pollen is larger than that seen in 
Pin and concluded that the Thrum form, again, was the most fertile of the two forms. 
Despite its status as a model species for the study of heteromorphy, homomorphic 
populations of P. vulgaris are known to exist (Crosby 1940, 1949). Crosby (1940) 
described flowers, collected from a P. vulgaris, population in Somerset that 
possessed high anthers, as seen in Thrum, in addition to a long style, as seen in Pin. 
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In addition to this, the stigma possessed long papillae, characteristic of Pin 
individuals (Crosby, 1940; Darwin, 1877). Crosby (1940, 1949) suggested that these 
‘Long Homostyle’ individuals should be self-fertile, since they possess both Thrum 
type pollen and a Pin type stigma. He also argued that the dynamics of a population 
containing Long Homostyle individuals would be affected by the viability of any 
self-fertilised individuals. If the self-fertilised individuals were less viable than 
cross-fertilised individuals, the trait should be removed from the population if 
‘normal’ Thrums are present. However, if the homozygotes were more viable than 
heterozygotes, the population should contain only Long Homostyle individuals. A 
third scenario exists, in which populations would consist of Pin and Long Homostyle 
individuals, with the Thrum form absent and it is this third scenario that is observed 
(Crosby 1940, 1949). Through counts of the population recorded in Somerset, as 
well as a second population recorded in the Chiltern hills, Crosby observed that the 
Long Homostyle condition spreads throughout a mixed Pin and Thrum population 
until an equilibrium state is reached. In this state, roughly 20% of a population will 
be of the Pin form and 80% will be Long Homostyles, whilst the Thrum form will be 
lost as a result of its (Crosby 1949). Crosby suggested that the reason for this loss of 
Thrum forms was a competitive disadvantage in Thrum pollen when compared to the 
pollen produced by Long Homostyles, which could be used in self-pollination. 
However, the rise in proportion of Long Homostyles within a heterostylous 
population was explained in two ways (Charlesworth and Charlesworth, 1979b). 
Whilst, Crosby (1958) suggested that the capacity of Long Homostyles for self-
fertilisation led to the rapid increase in numbers within a population, Bodmer (1958) 
attributed this to an increased viability in cross-fertilisation between Long 
Homostyle individuals. Bodmer (1960) later showed that whilst self-fertilisation 
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within a population does occur, a subsequent reduction in homozygote viability 
promotes the cross-fertilisation model. 
Short Homostyle individuals have also been observed in which a shortened, Thrum 
type style is seen alongside the lower anther position seen in Pin individuals 
(Ganders, 1979, Li et al., submitted). However, investigations into population 
dynamics of Short Homostyle individuals have shown that the condition is less likely 
to become established within a population due to the recessive nature of many Short 
Homostyle characteristics (Dowrick, 1956, Charlesworth and Charlesworth 1979b). 
















Figure 1.2 The Pin and Thrum forms of Primula vulgaris. a). The 
outer view of a Pin flower. b). The positions of anthers and style in a 
Pin flower. c). The outer view of a Thrum flower. d). The positions of 





1.5.2 Genetic characterisation of heteromorphy 
Following Darwin’s observation on the phenotypic differences between the Pin and 
Thrum forms of Primula species, subsequent work focussed on the genetic 
characterisation of heteromorphy within the genus.  
The first work to demonstrate the inheritance pattern of heteromorphy in Primula 
was completed by Bateson and Gregory (1905). Through cross-pollination of both 
forms of Primula sinensis and Primula acaulis individuals, in addition to crosses 
between homostyled individuals, Bateson and Gregory provided evidence to support 
the existing hypothesis that heteromorphy was subject to a Mendelian inheritance 
pattern, with the Thrum allele dominant to Pin (Bateson and Gregory, 1905). 
Following the establishment of this dominance relationship, Ernst (1933, 1936a, 
1936b, 1955) conducted a number of experiments using homostylous and self-fertile 
Primula species such as Primula viscosa and Primula hortensis (Dowrick 1956). 
Following a number of crosses between individuals, Ernst (1933, 1936b) identified 
progeny in which specific characteristics, such as style length, had recombined, 
separating the characteristics usually inherited collectively. Using this data, Dowrick 
(1956) identified three genetically distinct characteristics, controlled by separate loci 
within the S locus. The first of these, termed G, controlled the length of the style and 
stigmatic papillae, as well as the female determinants of the self-incompatibility 
reaction. The second characteristic identified was the height of the anthers within the 
flower, termed A. The final locus, termed P, controls the male determinant of the 
self-incompatibility reaction as well as the size of pollen grains (Dowrick, 1956). 
Although Ernst had proposed that the separation observed between these 
characteristics was a result of a mutation of the S locus as whole, Dowrick argued 
that the order of the three loci within the S complex was important and that 
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recombination between the G, A and P, loci that led to this separation of 
characteristics. Dowrick used Ernst’s data to postulate different recombination 
scenarios that could lead to the separation of characteristics recorded by Ernst, 
finally proposing the order GPA as the most likely sequence of loci within the locus 
(Dowrik, 1956). The Thrum characteristics observed in Primula were shown to be 
dominant for all three loci and, as such, the Thrum allele was subsequently 
characterised as GPA whilst the recessive Pin allele was denoted gpa. It was known, 
following Bateson and Gregory’s (1905) work, that Thrum individuals were 
heterozygous, and, therefore, were assigned the genotype GPA/gpa whilst 
homozygous Pin individuals possessed the genotype gpa/gpa.  
It has already been discussed (see 1.4) that floral heteromorphy is often tightly 
linked to diallelic self-incompatibility.  As such, the two alleles of the S locus in 
Primula are often referred to as GPA or gpa, as opposed to S or s, and this notation 
can be used to characterise the actions of the different alleles. Due to the shortened 
length of styles in Thrum individuals, it can be concluded that the dominant G allele 
supresses the long style encoded by g whilst A raises the height of the anthers from 
that caused by a. Similarly, P leads to a larger pollen size than p. SEM analysis of 
style and anther cells has revealed that, whilst the lengthening of the style caused by 
g is a result of increased cell elongation, the change in anther height produced by A 
is a result of increased cell division (Webster and Gilmartin, 2006). 
As discussed in 1.5.1, homostyled individuals have been recorded in Primula 
vulgaris and these characteristics can be described by recombination between the G, 
P and A functions. Homostyle individuals typically arise through a recombination 
event between the G and P loci, producing gametes with the genotypes Gpa or gPA. 
Long Homostyle individuals can therefore arise through the fertilisation of a Pin 
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(gpa) gamates with the recombined gPA gamete, producing the phenotype gPA/gpa. 
The resultant offspring possesses the lengthened style typical of Pin individuals but 
retains the larger pollen and high anthers of a Thrum flower. Conversely, fertilisation 
by a Gpa gamete would produce the genotype Gpa/gpa. The resultant offspring 
would therefore possess the supressed style of a Thrum flower, alongside the small 
pollen and low anthers typically seen in Pin (Manfield et al., 2005). 
Recent work has expanded further on these 3 loci. These have included the 
suggestion of a lethal gene linked to the Thrum allele as well as a separation between 
the incompatibility reactions and the style/anther phenotypes controlled by G and A. 
As such, it has now been proposed that up to 7 genes may exist within the S locus 
(Kurian and Richards, 1997). 
 
1.5.3 Evolution of heteromorphy in Primulaceae 
Two models have been proposed for the evolution of heterostyly (Mast and Conti, 
2006). The first of these, proposed by Charlesworth and Charlesworth (1979a), 
proposes that two self-incompatible phenotypes developed within a homomorphic 
species, with reciprocal herkogamy developing subsequent to this. The alternative 
model, first proposed by Darwin (1877), proposes that reciprocal herkogamy 
developed within a population in which elongated styles were already present (Mast 
and Conti, 2006).  
Mather (1950) supported the second of these routes, reasoning that an existing 
background genotype produced a coordinated complex of characteristics that 
developed into the heterostyly we are familiar with today. This has been further 
supported by evidence from the Primula subgenus Sphondylia, in which many 
species show varying degrees of heteromorphy. Comparison of the varying degrees 
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of distyly and self-incompatibility seen in the species of this subgenus suggests the 
existence of an ancestral homomorphic species that developed herkogamy before 
intra-morph incompatibility (Al Wadi and Richards, 1993). However, this evidence 
is largely speculative and the precise method by which heteromorphy evolved in 
Primulaceae remains uncertain. 
 
 
1.6 S locus-linked floral mutations of Primula vulgaris 
Floral mutations, phenotypes that differ from the known wild type, have been 
observed and cultivated for over two thousand years. Floral mutations such as 
doubles, in which a flower develops a greater number of petals than usual, have been 
recorded in roses since the time of Pliny, in the 1
st
 century, and, before then, 
Theophrastus before 256 BC (Meyerowitz et al., 1989). Double mutations are a type 
of homeotic mutation, a common form of mutation in which one type of floral organ 
develops in the place usually occupied by others (see Meyerowitz et al., 1989 and 
Theißen, 2001 for reviews). Homeotic mutations can be explained by the ABC 
model, in which the four whorls of the flower a determined by the functions of three 
classes of genes (Coen and Meyerowitz, 1991). The outer whorl of the flower, which 
typically contains sepals, is determined by the lone function of A function genes 
whereas the second whorl, containing petals, results from the interaction of A 
function and B function genes. B function genes also interact with C function genes 
to form stamens and anthers in the third whorl whilst the innermost whorl, 
containing the carpel, is the result of C function activity (Coen and Meyerowitz, 
1991). These A, B and C function genes are typically MADS box transcription 
factors (Ng and Yanofsky, 2001). 
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Although much of the scientific attention on Primula has focussed on floral 
heteromorphy and self-incompatibility, a number of floral mutations have also been 
characterised. These include double, in which petals or stamens may form in the 
place of carpels, Jack in Green, which develops leaf-like sepals and split perianth, in 
which the petals and sepals fail to fuse correctly (Webster and Gilmartin, 2003).  
Three further floral mutations are Hose in Hose, sepaloid and oakleaf. These three 
mutations are of particular interest as they are linked to the S locus, with each 
mutation typically co-segregating with either the Pin or Thrum allele, and will now 
be examined more closely. 
 
1.6.1 Hose in Hose 
The Hose in Hose mutation in P. vulgaris, in which sepals are converted into petals, 
has been documented and studied since the 16
th
 century (Gerard, 1597; Webster and 
Gilmartin, 2003). The phenotype, shown in Figure 1.3, which has the appearance of 
one flower growing out from another, is dominant to the wild type form and it has 
been demonstrated that the locus responsible for the mutation, discussed below in 
1.7.3, is linked to the S locus, with almost all Hose in Hose individuals presented the 
low stigma and high anthers typical of Thrum individuals (Ernst, 1931; Webster and 
Grant, 1990; Webster and Gilmartin, 2003). However, whilst the Hose in Hose 
mutation was originally thought to co-segregate with the Thrum allele only, Pin 
individuals have also now been identified. This suggests that rare recombination 
events may occur between the two loci and a linkage distance of 0.7 cM has been 
estimated between S and Hose in Hose (Webster and Grant, 1990; Webster and 




Figure 1.3 The Hose in Hose  mutation in Primula vulgaris. The sepals of 
the Hose in Hose phentotype undergo homeotic conversion to petals 
Figure 1.4 The sepaloid mutation in Primula vulgaris. The petals of the 
sepaloid phentotype undergo homeotic conversion to sepals. 
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Additionally, Hose in Hose mutants are known to display differing severities of 
mutation, with some individuals showing only partial conversion of sepals to petals. 
Full reversion of petalloid sepals to wild type sepals has also been observed 
(Webster and Gilmartin, 2003). Conversion of sepals to petals in this way is typical 
of an ectopic expression of B gene function in the first whorl of the flower. As a 
result of this increased level of expression, both A and B functions combine to 
produce petals, as would typically be seen in the second whorl of the flower (Coen 
and Meyerowitz, 1991; Li et al. 2008, 2009). 
SEM analysis of early stage Hose in Hose flowers has shown that the first 
developmental stages are similar to those seen in wild type. However, at the stage at 
which sepals would usually expand to cover the developing flower, thinner, broader 
petalloid sepals can be seen to develop. In instances of incomplete conversion, 
differences between wild type and Hose in Hose cannot be seen until a later point in 
the flowers development (Webster and Gilmartin, 2003). 
 
1.6.2 Sepaloid 
The sepaloid mutation in P. vulgaris is a more recent discovery than Hose in Hose, 
with the first examples identified among commercial primroses in 1996 (Webster 
and Gilmartin, 2003). In the sepaloid mutation, petals undergo homeotic conversion 
to sepals, typical of a loss of B function genes. In the absence of the B function, the 
A function genes are expressed alone in the second whorl, leading to the 
development of sepals in place of petals (Li et al., 2008). Similar to the Hose in Hose 
mutation, the sepaloid phenotype displays variability in its severity. Whilst some 




 whorls only, more severe instances have 
been observed. The instances include the conversion of the 3
rd
 whorl to sepals 
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surrounding functional or non-functional carpels and even the complete conversion 
of all four whorls to sepals (Webster and Gilmartin, 2003, Li et al., 2008). As such, 
not all sepaloid individuals are fertile. Analysis of the sepaloid phenotype has 
demonstrated that it is a recessive mutation that typically co-segregates with the Pin 
allele of the S locus, with a suggested linkage distance of 0.3 cM between the two 
(Webster and Gilmartin, 2003; Webster, 2005). The suggested position of sepaloid 
relative to the S locus and other genetic markers can be seen in Figure 1.5. 
SEM analysis of developing sepaloid flowers has shown that no differences can be 
observed between developing sepaloid and wild type flowers until the development 
of whorls 1 and 2. At this stage, sepaloid flowers begin to develop a deep hollow in 
the centre of the flower and the development of flower primordial is retarded in 
comparison to wild type flowers. In contrast to the defined rings of organs seen in 
wild type flowers, the floral organs of sepaloid flowers remain joined to form a 
spiral and the innermost tissue that would form the carpel may be absent (Webster 
and Gilmartin, 2003). 
 
1.6.3 Oakleaf 
Similar to the sepaloid phenotype, the S linked Oakleaf phenotype was characterised 
relatively recently, and a population was establish following the identification of a 
single individuals in 1999. Unlike Hose in Hose and sepaloid, the Oakleaf phenotype 
affects both flowers and leaves, with leaves developing lobes similar to those seen in 
Quercus. Oakleaf individuals typically develop flowers with split calyces. The 
Oakleaf phenotype is dominant to wild type and, as is seen in Hose in Hose and 
sepaloid, the severity of the phenotype varies between individual (Webster, 2005). 
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The phenotype described above is typical of an overexpression of Class I KNOX 
homeodomain transcription factors (Lincoln et al., 1994; Chuck et al., 1996; Hay 
and Tsiantis, 2006). However, transcriptomic analysis of Oakleaf individuals has 
shown that no Class I KNOX-like genes (termed Class 1 PvKNOX) are up regulated 
in Oakleaf individuals. Whilst Class I PvKNOX candidates have now been 
discounted, other candidates remain. Similar to the sepaloid mutation, Oakleaf 
typically co-segregates with the Pin allele of the S locus and has a suggested linkage 
distance of 11.5 cM (Cocker et al., submitted). The suggested position of Oakleaf 
relative to the S locus and other genetic markers can be seen in Figure 1.5. 
 
1.7 Characterisation of Primula vulgaris S locus markers 
Whilst both the phenotypic and classical genetic basis of the heteromorphy in 
Primula are well understood, it is only much more recently that work has begun to 
focus on the molecular characterisation of the condition. As a result, the molecular 
structure of the S locus remains largely unknown (Manfield et al., 2005). However, 
if the S locus can be sequenced and annotated, this would not only elucidate the loci 
controlling heteromorphic self-incompatibility in Primula, but would also serve as a 
gateway to access and analyse the downstream signalling pathway that underlies 
heteromorphy and self-incompatibility. Additionally, it may be possible to gain 
insights into the evolution of the heteromorphy within Primula, allowing for 
comparisons with other species that independently evolved a similar system 
(Manfield et al., 2005; McCubbin et al., 2006).  
By using the extensive, historical information available on heteromorphy in Primula, 
as well as the known S linked floral mutations discussed in 1.6, Manfield et al. 
(2005) initiated the molecular characterisation of the S locus by identifying genetic 
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markers linked to the locus. To date, four markers have been characterised and will 
now be discussed in more detail. 
 
1.7.1 PvSLP1 
The first S locus marker to be characterised was a restriction fragment length 
polymorphism (RFLP) marker identified in the Blue Jeans cultivar of Primula 
vulgaris, and named P. vulgaris S linked polymorphism 1 (PvSLP1) (Manfield et al., 
2005). By using RAPD-PCR to amplify both Pin and Thrum genomic DNA, a 323bp 
product was observed that could only be amplified from Thrum DNA. This RAPD 
sequence was converted into a Sequence-Characterised Amplified Region (SCAR) 
marker and used as a probe in a genomic Southern blot analysis. Following 
hybridisation to Pin and Thrum DNA, two Thrum specific bands were identified, 
suggesting that the SCAR marker corresponded to an RFLP marker that was 
duplicated in Thrum individuals (Manfield et al., 2005).  
Once identified as a Thrum-specific marker, this RFLP sequence was used to screen 
a P. vulgaris var. Blue Jeans phage λ library and an 8.8kb genomic DNA sequences 
containing the RFLP marker was constructed (Pavlov, 1997; Manfield et al., 2005). 
In addition to this, PCR amplification of PvSLP1 from homostylous individuals, 
which have undergone recombination within the S locus, suggests that the marker 
resides on the A side of the locus. The suggested position of PvSLP1 relative to the S 
locus and other genetic markers can be seen in Figure 1.5. 
Further analysis of this assembled genomic fragment indicated homology to 
Ty3/gypsy-like retrotransposon sequences as well as the presence of multiple short, 
repetitive sequences, similar to those seen surrounding the S locus of other genera 
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such as Petunia and Papaver (Coleman and Kao, 1992; Wheeler et al., 2003; 
Manfield et al., 2005). 
 
1.8.2 PvSLL1 and PvSLL2 
Although the identification of PvSLP1 provided the first molecular marker linked to 
the S locus in P. vulgaris, it represented a polymorphic non-coding region of the 
genome (Li et al., 2007). As such, it was desirable to identify new S locus linked 
markers that were also expressed genes and, in 2007, Li et al were successful in 
identifying two genes in P. vulgaris var. Blue Jeans that possessed different Pin and 
Thrum alleles (Li et al., 2007). 
In order to identify genes that showed differential expression between Pin and 
Thrum flowers, Fluorescent Differential Display (FDD) (Kuno et al., 2000) using 
RNA from developing flowers was used. A total of 19 genes were identified that 
were reliably amplified differentially from Pin and Thrum RNA, 10 of which were 
Thrum specific and 9 were Pin specific. However, RT-PCR and northern analysis 
were only able to reproduce this evidence of differential expression for 1 of these 19 
genes. As such, an alternative method of Southern analysis was used to demonstrate 
linkage between these 19 genes and the S locus. Of these 19, 2 genes produced 
RFLPs between Pin and Thrum genomic DNA, suggesting linkage to the S locus. 
These two genes were subsequently named P. vulgaris S locus linked 1 and 2 
(PvSLL1 and PvSLL2) (Li et al., 2007). 
Further Southern analysis of PvSLL1 and PvSLL2 demonstrated that three alleles of 





) of the S locus and 1 to Thrum (PvSLL1/2
T
). Pin individuals may be 
heterozygous or homozygous for the Pin alleles of PvSLL1 and PvSLL2 whilst 
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Thrum individuals are heterozygous, with at least one allele of each gene being the 
Thrum allele.  Comparison with Arabidopsis genomic databases suggested that 
PvSLL1 encodes a small transmembrane protein whilst PvSLL2 encodes a 
CONSTANS-LIKE protein (Li et al., 2007). 
Controlled crosses were performed and, following the analysis of F1 and F2 plants, 
no recombinants were detected for PvSLL1. As such, it was suggested that a genetic 
distance of < 0.57 cM existed between PvSLL1 and the S locus. Conversely, a single 
recombinant for PvSLL2, a Pin individual possessing the PvSLL2
T
 allele, was 
observed in the F1generation. In an F2 population of 146 progeny, a further 2 
recombinants were also detected, suggesting a distance of 1.37 cM between PvSLL2 
and the S locus. In addition to this, further analysis of PvSLL1 and PvSLL2 in 
recombinant Short and Long Homostyles demonstrated that PvSLL1 and PvSLL2 are 
located on opposite sides of the S locus. The presence of PvSLL1
T
 within Long 
Homostyles suggests that the gene maps to the A side of the locus as it has 
maintained its coupling with the dominant P and A alleles following recombination. 
Conversely, homozygosity for the Pin alleles of PvSLL2 in Long Homostyles 
suggests that this gene maps to the G side of the locus (Li et al., 2007). The 
suggested positions of PvSLL1 and PvSLL2 relative to the S locus and other genetic 
markers can be seen in Figure 1.5. 
 
1.8.3 PvGLO 
In an attempt to characterise the gene responsible for the sepaloid mutation, 
described above in 1.6.2, two Primula B function genes were identified based on 
homology to the Antirrhinum majus B function genes deficiens (def) and globosa 
(glo) (Schwarz-Sommer, 1992; Tröbner et al., 1992; Li et al., 2008). In this study, it 
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was demonstrated that expression of both the Primula DEFICIENS homologue 
(PvDEF) and the Primula GLOBOSA homologue (PvGLO) were affected in the 
sepaloid mutant. It was shown that PvDEF is not linked to the S locus and, as such, 
could not be a candidate for sepaloid. However, PvGLO, which does show linkage, 
was investigated further (Li et al., 2008, 2010). 
PvGLO was characterised by first using Antirrhinum cDNA probes to isolate partical 
cDNA clones in P. vulgaris var. Blue Jeans. 3’ and 5’ RACE were then used to 





 are specific to Pin individuals whilst Thrum 
flowers possess the PvGLO
T
 allele. The discovery of this Thrum allele of PvGLO  
within a seplaoid  individual therefore disqualified the gene as a sepaloid candidate 
since the phenotype is linked to the Pin allele of the S locus. Whilst the true identity 
of sepaloid remains unknown, evidence of recombination between the sepaloid and 
PvGLO suggests that the locus lies between PvGLO and the S locus (Li et al., 2008). 
As discussed in 1.6.1, the S linked phenotype Hose in Hose is typical of an ectopic 
expression of a B-function gene and it has subsequently been shown that a 
retrotransposon insertion in PvGLO is responsible for this phenotype. Furthermore, 
due to its linkage with the S locus, PvGLO has now become the fourth known 
molecular marker for the S locus and the position of PvGLO relative to the S locus 







Figure 1.5: Summary map of the S locus and surrounding markers. Relative positions 
of S locus marker genes are represented by rectangles. The non-gene marker PvSLP1 
is represented with circle. Linkage distances between each marker and the S locus 
are provided. Map is not drawn to scale. 
 
1.8 Summary and project aims 
The two forms of Primula vulgaris have been recorded in historical documents for 
hundreds of years, though it was Charles Darwin who first recognised the forms, 
their significance and their equal numbers within populations (Darwin, 1862, 1877; 
van Dijk, 1943). Since Darwin’s seminal work, the genetic basis of the Pin and 
Thrum phenotypes seen in Primula species has been well characterised and is largely 
understood. However, through the recent identification of the S locus markers 
PvSLP1, PVSLL1, PvSLL2 and PvGLO, the molecular characterisation of the S locus 
has begun to gather pace. Furthermore, the construction of a BAC library, cloned 
from sequences associated with the S locus in P. vulgaris var. Blue Jeans means that 
a significant resource for the molecular characterisation of the locus is now available 
(Li et al., 2011). 
Whilst the identification and characterisation of these markers has allowed for 
increased scrutiny of the S locus itself, the area immediately surrounding the locus is 
still largely ignored. Using the known S locus markers described above to probe the 
library, a number of BACs have been identified in the areas flanking the locus. By 
performing BAC walks, it has also now been shown that PvSLL1, PvSLP1 and 
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PvGLO are located together on the A side of the locus, whilst PvSLL2 is located on 
the G side (Li et al., submitted). 
Analysis of PvSLL1 has demonstrated that it is strongly linked to the Thrum allele of 
the S locus. In contrast to this, PvGLO, and its mutant phenotype Hose in Hose, are 
known to recombine with the S locus (Li et al., 2010). This suggests that, although 
the mechanism that limits recombination within the S locus prevents recombination 
between S and PvSLL1, this mechanism breaks down between PvSLL1 and PvGLO. 
Furthermore, the strong linkage observed between PvSLP1 and S (Manfield et al., 
2005) suggests that this degeneration occurs between PvSLP1 and PvGLO. 
As work continues to characterise the molecular structure of the S locus itself, this 
project will supplement this work and will have the following aims: 
 To assemble a single, contiguous sequence that connects the two genetic 
markers PvSLP1 and PvGLO through the use of existing BAC DNA 
sequence data. This sequence can then extended to incorporate the genetic 
marker PvSLL1, providing a physical link between PvGLO and the boundary 
of the S locus itself. 
 To annotate this sequence in order to identify all of the genes between the S 
locus and PvGLO. In addition to providing an insight into the nature of the 
genes immediately surrounding the S locus, it is also hoped that the gene 
responsible for the sepaloid mutation, described in 1.6.2 and thought to be 
located within this region, will be identified. 
 To use the above annotations as a means of examining synteny between 
Primula vulgaris and other plant species in the hope of determining whether 





Materials and Methods 
 
2.1 Materials and Suppliers 
2.1.1. General Suppliers 
Agilent technologies (www.agilent.com) 5301 Stevens Creek Blvd. Santa Clara, CA 
95051. USA: Stratagene XL-1 Blue Competent Cells. 
 
Epicentre (www.epibio.com) 5602 Research Park Blvd., Suite 200, Madison, WI. 
53719 USA: BACMAX DNA Purification Kit, Riboshredder RNase Blend. 
 
Eurofins MWG Operon (www.eurofinsgenomics.eu) Eurofins Genomics, Anzinger 
Str. 7a, 85560 Ebersberg. Germany: Primer production and DNA sequencing. 
 
GE Healthcare (www.gehealthcare.com) Nightingales Lane, Chalfont St Giles, 
Buckinghamshire. HP8 4SP. UK: Nucleon Phytopure Genomic DNA Extraction Kit. 
 
Life Technologies Ltd (www.lifetechnologies.com) 3 Fountain Drive, Inchinnan 
Business Park, Paisley. PA4 9RF. UK: Qubit Fluorimeter, RNAqueous RNA 
Isolation Kit, RNAlater RNA stabilization solution, M-MLV Reverse Transcriptase 
Kit, RNaseOUT Recombinant Ribonuclease Inhibitor. 
 
New England Biolabs (www.neb.uk.com) 75-77 Knowl Piece, Wilbury Way, 
Hitchin, Hertfordshire. SG4 0TY. UK: Phusion High-Fidelity DNA Polymerase,  
100 bp DNA Ladder, 1 Kb DNA Ladder, Restriction Enzymes. 
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Promega (www.promega.com) Delta House, Southampton Science Park, 
Southampton. SO16 7NS. UK: RQ1 RNase-Free DNase, Go-Taq Flexi DNA 
Polymerase Kit, pGEM-T Easy Vector System, PureYield Plasmid Miniprep 
System. 
 
Qiagen (www.qiagen.com) Qiagen House, Fleming Way, Crawley West, Sussex. 
RH10 9NQ. UK: QIAquick PCR Purification Kit, QIAquick Gel Extraction Kit. 
 
Sigma-Aldrich (www.sigmaaldrich.com) Sigma-Aldrich Company Ltd., Dorset, 
England. UK: Media and Solutions. 
 
Thermo Fisher Scientific Inc (www.thermofisher.com) 81 Wyman Street, 
Waltham, MA 02451. USA: Nanodrop ND-1000 Spectrophotometer, Long PCR 
Enzyme Mix, 
 
2.1.2 Media and Solutions 
Bacteriological growth media and stock solutions referred to in 2.2 were made as 
follows. Autoclave conditions used for sterilisation were 15 lb/sq.in for 20 minutes. 
 
2.1.2.i Media 
Luria Bertani (LB) Medium: 10 g Bacto-Tryptone, 5 g Bacto-Yeast Extract, 10 g 
NaCl in 1000 ml distilled water. pH7 with NaOH and autoclave 
 





Agarose Gel: Agarose dissolved in 400 ml 0.5xTBE. For 1% Agarose: 4 g. For 
1.5% Agarose: 6 g. For 2% Agarose: 8g. Melt in microwave. Add 1 µl Ethidium 
Bromide per 50 ml gel. 
 
Ampicillin Stock: 50 mg/ml in 50% Ethanol. Store at -20 C. Working 
concentration 50 µg~100 µg/ml 
 
Ethylenediamine Tetra Acetic Acid Disodium Salt Dihydrate (EDTA) (0.5 M): 
186.1 g of EDTA.2H2O in 1000 ml distilled water. pH8 with NaOH and autoclave 
 
Ethidium Bromide Stock: 10 mg/ml. Store in dark at room temperature 
 
Isopropylthio--D-galactoside (IPTG) Stock (20%): 2 g IPTG in 10 ml H2O. 
Filter through 0.22 micron filter. Store at -20 C 
 
5x Tris-borate-EDTA (TBE): 54 g Tris base and 27.5 g boric acid to 20 ml 0.5M 
EDTA (pH8.0). Make up to 1 litre with disitilled water 
 
5-Bromo-4-chloro-3-indolyl-β-D-galactoside (X-gal) (50 mg/ml): X-gal in 
dimethylformamide (DMF) Store at -20 °C in dark 
 
2.1.3 Online Tools and Software 
Chromas Lite: technelysium.co.au/?page_id=13 




NCBI BLAST: blast.ncbi.nlm.nih.gov/Blast.cgi 
Phytozome BLAST: www.phytozome.net 
Primer3Plus: www.primer3plus.com 
Sequence Manipulation Suite: www.bioinformatics.org/sms2 
TAIR BLAST: www.arabidopsis.org/blast 
 
2.1.14 Plant Material 
Mature Primula vulgaris plants were maintained at the University of Durham 
Botanic Gardens and the University of East Anglia Plant Growth Facility. Plants 




2.2.1 Nucleic Acid Extraction and Synthesis 
2.2.1.i Genomic DNA Extraction 
Extraction of genomic DNA from Primula vulgaris plant tissue was performed using 
the illustra Nucleon Phytopure Genomic DNA Extraction Kit (GE Healthcare). All 
volumes given are for extraction of DNA from 0.1g of plant tissue, typically young 
leaves. Volumes given in square brackets were used when 1g of starting tissue was 
used. 
0.1g [1g] fresh weight of leaf tissue was frozen in liquid nitrogen and ground using a 
mortar and pestle to disrupt the cell walls. Once a free flowing powder was achieved, 
the tissue was transferred into a screw-capped tube suitable for centrifugation. To 
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initiate cell lysis, 600 µl [4.6 ml] of Reagent 1 (EDTA, Sodium Dodecyl Sulphate) 
was added to the tube. When RNA free DNA was required, RNase A was added to a 
concentration of 20 µg/ml and the sample was incubated at 37 C for 30 minutes. 
Following this, 200 µl [1.5 ml] of Reagent 2 was added the sample was mixed to 
homogeneity and then incubated at 65 C for 10 minutes with regular agitation. The 
sample was then placed on ice for 20 minutes. To extract DNA, 500 µl [2 ml] cold 
Chloroform (stored at -20 C) was added followed by 100 µl [200 µl] of Nucleon 
Phytopure DNA Extraction Resin Suspension. The mixture was incubated at room 
temperature for 10 minutes with regular agitation and centrifuged at 1300 x g for 20 
minutes, during which the resin formed a barrier between the upper DNA containing 
phase and the lower chloroform phase. The upper phase was removed, added to an 
equal volume of cold isopropanol (stored at -20C) and mixed to precipitate the 
DNA. The precipitated DNA was pelleted by centrifugation at 3250 x g for 10 
minutes and then washed with cold 70% Ethanol (stored at -20C). The pelleted 
DNA was centrifuged again at 3250 x g for 10 minutes. Following centrifugation, 
the supernatant was discarded and the pellet was allowed to air-dry. Finally, the 
pellet was resuspended in TE Buffer. TE Buffer was added in 10 µl aliquots to 
ensure that the DNA was suspended in the minimum possible volume, providing the 
highest concentration possible. DNA concentration was measured using a Qubit 
Fluorimeter (Life Technologies). 
 
2.2.1.ii RNA Extraction 
Extraction of RNA from Primula vulgaris plant tissue was performed using the 
Ambion RNAqueous RNA Isolation Kit (Life Technologies). RNA is extracted from 
a variety of tissues including leaves, roots, flower buds and individual floral organs 
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dissected from flower buds. Leaf, root and flower bud tissues were frozen 
immediately either in liquid nitrogen or on dry ice. Individual floral organs were 
dissected under a microscope and stored in 5-10 volumes (w/v) RNAlater RNA 
stabilization solution (Life Technologies) before being frozen in liquid nitrogen or 
on dry ice. All samples were weighed prior to freezing. Unless stated otherwise, all 
centrifugation steps took place at 13000 x g at room temperature. 
Cell walls were disrupted by grinding the frozen tissue in liquid nitrogen using a 
pestle and mortar to yield a free flowing powder. The powdered tissue was 
transferred into screw-capped tube suitable for centrifugation containing 12 volumes 
(w/v) of Lysis/Binding Solution (formamide, formaldehyde) and 1 volume of Plant 
RNA Isolation Aid and mixed until homogeneity was achieved. When large tissue 
samples were used, the mixture was centrifuged for 3 minutes at 3250 x g to remove 
any large debris. An equal volume of 64% Ethanol was added to the mixture and a 
700 µl aliquot was applied to a filter cartridge placed inside a collection tube. The 
RNA was bound to the filter cartridge by centrifugation. The flow-through was 
discarded and another 700 µl aliquot as applied to the filter. This was repeated until 
all of the lysate/ethanol mixture had been processed. If the volume lysate/ethanol 
mixture exceeded 2 ml, a new filter cartridge was used so as not to exceed RNA 
binding capacity.  The bound RNA was then washed by applying 700 µl Wash 
Solution #1 (guanidinium thiocyanate) to filter catridge and centrifuging for 1 
minute. The RNA was further washed with two 500 µl aliquots of Wash Solution 
#2/3 (100% Ethanol), drawn through the filter cartridge by centrifugation as before. 
Following the second wash, the empty filter cartridge was centrifuged for a further 
30 seconds to remove residual ethanol. RNA was eluted from the filter by applying 
50 µl of Elution Solution preheated to 75 C and centrifuging for 30 seconds at room 
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temperature. A second elution was then performed using a further 20 µl Elution 
Solution. For larger samples, a third elution using 10 µl of Elution Solution was also 
performed. RNA concentration was measured using a Qubit Fluorimeter (Life 
Technologies). 
 
2.2.1.iii First Strand cDNA Synthesis 
Prior to first stand cDNA synthesis, RNA was digested using RQ1 RNase-Free 
DNase (Promega) to endonucleolytically remove residual double stranded and single 
stranded DNA. 1 µl RQ1 RNase-Free DNase 10X Reaction Buffer (400mM Tris-
HCl, 100 mM MgSO4, 10mM CaCl2) was added to 1-8 µl RNA. RQ1 RNase-Free 
DNase was added in a ratio of 1 unit/µg RNA, giving a total final volume of 10 µl. 
The mixture was then incubated at 37 C for 30 minutes. The digestion was stopped 
by the addition of 1 µl RQ1 DNase Stop Solution (20 mM Ethylene Glycol 
Tetraacetic Acid (EGTA)) and the DNase was inactivated by incubation of the 
mixture at 65 C for 10 minutes. Following digestion, RNA concentration was 
measured again using a Qubit Fluorimeter (Life Technologies). 
First strand cDNA was synthesized using Moloney Murine Leukemia Virus Reverse 
Transcrtiptase (M-MLV RT) according to the Invitrogen M-MLV Reverse 
Trasncriptase Kit protocol (Life Technologies). 1µl Oligo (dT)12-18 primer was added 
to  a tube containing 1 µg DNase treated RNA and 1 µl 10 mM dNTP Mix (10 mM 
each dATP, dGTP, dCTP and dTTP). Sterile H2O was added to a total volume of 12 
µl. The mixture was heated to 65 C for 5 minutes and chilled quickly on ice. 4 l 
5X First Strand Buffer (250 mM Tris-HCl, 375 mM KCl, 15 mM MgCl2) was added 
to the mixture along with 2 µl Dithiothreitol (DTT) and 1 µl  (40 units) RNaseOUT 
Recombinant Ribonuclease Inhibitor (Life Technologies). The contents of the tube 
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were mixed gently by inversion at incubated at 37 C for 2 minutes. 1 µl (200 units) 
M-MLV was added and the mixture was incubated at 37 C for 50 minutes. The 
reverse transcription reaction was then terminated by heating the mixture to 70 C 
for 15 minutes. Concentration of the synthesized cDNA was measured using a Qubit 
Fluorimeter (Life Technologies). 
 
2.2.1.iv BAC DNA Extraction 
BAC colonies were stored in glycerol at -80C. Before extraction of BAC DNA 
could begin, colonies from the glycerol stock were grown in culture. 
Chloramphenicol was added to LB media in a 1:100 dilution, giving a final 
concentration of 12.5 µg/ml. Using a heat sealed micropipette tip, a BAC colony 
sample was pricked from the glycerol stock and added to a 1.5 ml microcentrifuge 
tube along with 1 ml of LB/antibiotic mixture. The tube was then incubated 
overnight (min. 16 hours) at 37 C. 
500 µl of overnight culture was added to 5 ml of LB/antibiotic was in a 50-ml screw-
capped tube, with the cap taped lightly into place so as not to prevent air flow in and 
out of the tube. The liquid culture was incubated in a shaking incubator at 37 C for 
30 minutes, shaking at 220 rpm. Following this initial incubation, 5.5 µl induction 
solution was added, giving a 1:1000 dilution. The culture was incubated in a shaking 
incubator at 37 C for a further 4 hours, shaking at 220 rpm. 
BAC DNA was extracted from cells inn liquid culture using the BACMAX DNA 
Purification Kit (Epicentre). Before beginning the extraction procedure, BACMAX 
Solutions 1, 3 and 4 were chilled on ice, according to the protocol. 5.5 ml of liquid 
culture was transferred to a 15 ml screw-capped tube and centrifuged at 3250 x g for 
3 minutes to pellet the cells. 200 µl of BACMAX Solution 1 was added to the pellet 
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and the tube was vortexed vigorously to resuspend the cells. Following resuspension, 
400 µl of BACMAX Solution 2 was added to the cells and mixed gently by 
inversion to lyse the cells. 300 µl of BACMAX Solution 3 was added and the tube 
was again mixed gently by inversion until a white precipitate formed. The tube was 
then incubated on ice for 15 minutes and then centrifuged at 3250 x g for 15 minutes 
at 4 C to remove any remaining cellular debris. The supernatant was transferred to a 
1.5 ml microcentrifuge tube using a 1000 µl large orifice pipette tip to minimize the 
risk of shearing the DNA. 540µl of room temperature isopropanol was added to the 
supernatant and mixed by inversion to precipitate the DNA. The DNA was then 
pelleted by centrifugation at 3250 x g for 15 minutes at 4 C and the isopropanol was 
carefully poured off. The pellet was allowed to air-dry at room temperature for 5 
minutes and then resuspended in 250 µl TE Buffer by tapping and swirling the tube. 
Vortexing was avoided to prevent damage to the DNA. Any RNA suspended with 
the DNA was removed by adding 3 µl of RiboShredder RNase Blend (Epicentre) to 
the solution and incubating for 30 minutes at 37 C. Following RNA digestion, the 
tube was cooled to room temperature and 250 µl of chilled BACMAX Solution 4 
was added to the tube. The solutions were mixed thoroughly by tapping the tube and 
incubated on ice for 15 minutes. The tube was then centrifuged at 3250 x g for 15 
minutes at 4C and the supernatant was recovered and transferred to a fresh 
microcentrifuge tube. The recovered DNA was precipitated with 1 ml 100% Ethanol 
and pelleted by centrifugation at 3250 x g for 15 minutes at 4 C. The Ethanol was 
removed and the pellet was allowed to air-dry at room temperature for 5 minutes. 
Finally, the DNA was resuspended in 25 µl of TE Buffer. DNA concentration was 




2.2.1.v Phenol/Chloroform extraction and ethanol precipitation of DNA 
The following procedure was used to precipitate DNA from an existing solution. 
Equal volumes of phenol and chloroform were mixed and added in a 1:1 ration to a 
1.5 ml microcentrifuge containing suspended DNA. If the volume of suspended 
DNA was low, H2O was added to create a final volume of ~100 µl before the 
addition of Phenol/Chloroform. The solutions were mixed thoroughly by vortexing 
for 1 minute then centrifuged at 20,913 x g for 5 minutes. The upper aqueous phase 
was removed and added to a fresh microcentrifuge tube with an equal volume of 
chloroform. The mixture was vortexed for 1 minute and centrifuged for 5 minutes at 
20,913 x g as before. The upper aqueous phased was removed, added to a fresh 
microcentrifuge tube and mixed with 3x volume of cold 100% Ethanol (stored at -
20C) to precipitate the DNA. The tube was then centrifuged for 20 minutes at 
20,913 x g at 4C to pellet the DNA. Following centrifugation, the ethanol was 
decanted and the pellet was washed with 300l cold 70% Ethanol (stored at -20C) 
and centrifuged for a further 5 minutes at 20,913 x g at 4C. The ethanol was 
removed and the pellet allowed to air-dry and then resuspended in either sterile, 
RNA free H2O or TE Buffer. DNA concentration was measured using a Qubit 
Fluorimeter (Life Technologies). 
 
2.2.1.vi Nucleic Acid Quantitation 
a) Nanodrop Spectrophotometer Quantitation 
Spectrophotometric quantitation of nucleic acids was performed using a Nanodrop 
ND-1000 Spectrophotometer (Thermo Fisher Scientific Inc.). The spectrophotometer 
was initialized by pipetting 1.5 µl H2O onto the lower pedestal of the Nanodrop and 
lowering the upper arm to form a column of liquid between the two pedestals. 
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Following initialization, the pedestals were cleaned with tissue and a blank 
measurement was made using 1.5 µl of the same medium that the nucleic acid to 
measured had been suspended in, typically H2O, TE Buffer or Elution Buffer 
(containing 10 mM Tris.Cl pH8). The pedestals were cleaned again and 1.5 µl of the 
nucleic sample to be measured was loaded onto the lower pedestal and measured. 
 
b) Qubit Fluorimeter Quantitation 
Fluorometric quantitation of nucleic acids was performed using a Qubit2.0 
Fluorometer (Life Technologies). The Qubit Working Solution was prepared by 
adding nµl of the necessary Qubit reagent (dsDNA, ssDNA or RNA)  to n x 199 µl 
of the necessary Qubit buffer (dsDNA, ssDNA or RNA) where n = number of 
samples to be measured. Two standards were also prepared in order to calibrate the 
fluorometer. To prepare the standards, 190 µl Qubit Working Solution was added to 
two Qubit Assay Tubes containing Standard 1 and Standard 2 respectively. The 
standards were read successively by placing the assay tubes into the sample chamber 
of the fluorometer and measuring fluorescence. To prepare samples for 
measurement, 180-199 µl Qubit Working Solution was added to 1-20 µl of the 
sample to be measured to give a total volume of 200 l. All tubes were mixed 
thoroughly and incubated at room temperature for 2 minutes. Sample concentrations 
were calculated by placing the assay tubes into the sample chamber of the 
fluorometer and measuring fluorescence. Stock concentrations were calculated based 






2.2.2 Polymerase Chain Reaction 
All PCR reactions were performed using a Bio-Rad T100 Thermal Cycler or a Bio-
Rad iCycler iQ Real Time PCR system. 
 
2.2.2.i Primer Design and Synthesis 
Oligonucleotide for all PCR reactions were designed using the Primer3Plus primer 
design tool (Primer3Plus). All primers were synthesized by Eurofins MWG Operon 
(Eurofins). Sequences and properties of all primers are detailed in Appendix A. 
 
2.2.2.ii Standard PCR 
a) Standard PCR for General Applications 
For most PCR applications, the Go-Taq Flexi DNA Polymerase Kit (Promega) was 
used. This kit contains GoTaq DNA Polymerase, a nonrecombinant modified form 
of Taq DNA polymerase lacking 5’ to 3’ exonuclease activity. The volumes of 
reagents used in standard PCR reactions using Go-Taq Flexi DNA Polymerase are 
shown in Table 2.1. Most PCR reactions were performed in a total volume of 25 µl. 
A total volume of 50 µl was used when the products were to be isolated for use in 
other applications. Template DNA was typically added at an initial concentration of 
20-100 ng/µl. All sets of PCR reactions contained a negative (template-free) control 







PCR Reagent  Volume in 
25 µl Reaction 
Volume in 
50 µl Reaction 
5X GoTaq Flexi Buffer  5 µl 10 µl 
MgCl2 Solution (25 mM)  2 µl 4 µl 
dNTP Mix (10 mM each)  0.5 µl 1 µl 
Forward Primer (10 pmol/µl)  1 µl 2 µl 
Reverse Primer (10 pmol/µl)  1 µl 2 µl 
Template DNA  1 µl 2 µl 
GoTaq DNA Polymerase (5 
u/µl) 
 0.1 µl 0.2 µl 
H2O  14.4 µl 28.8 µl 
Total Volume  25 µl 50 µl 
Table 2.1:  Standard volumes of PCR reagents used in a reaction with GoTaq DNA 
Polymerase. 
 
Table 2.2 describes the typical PCR conditions used with GoTaq DNA polymerase. 
The number of Denaturation-Annealing-Extension cycles was altered according to 
the concentration of DNA template used in the reaction and was often altered when 
trying to optimise the reaction. The length of the extension step was varied according 
to the predicted size of the product being amplified, allowing 1 minute of extension 
per Kilobase of product. The annealing temperature was also varied according to the 
melting temperatures of the oligonucleotide primers being used. This typically varied 
between 50C and 60C and was calculated based on the melting temperatures of the 
primers detailed in Appendix A. Pairs of primers were designed to have similar 
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melting temperatures and the annealing temperatures used were typically 2-3C 
below these values. This was then raised to increase specificity of amplification. 
Step Temperature Time # Cycles 
Initial Denaturation 95C 3 min x1 
Denaturation 95C 30 sec  
Annealing 50C - 60C 30 sec x35 
Extension 72C 1 min/kb  
Final Extension 72C 5 min x1 
Infinite Hold 4C ∞ x1 
Table 2.2: Standard conditions used for PCR with GoTaq DNA Polymerase. 
 
Following PCR, products were either processed immediately or stored at 4C until 
ready for use. For long term storage, products were frozen at -20C. 
b) Standard PCR with Proofreading 
When PCR products were to be sequenced or used for other sequence specific 
applications, Phusion High-Fidelity DNA Polymerase (New England Biolabs), an 
alternative polymerase enzyme that also possessed proofreading functionality, was 
used. The volumes of reagents used in PCR reactions using Phusion High-Fidelity 
DNA Polymerase are shown in Table 2.3. PCR reactions could be performed in a 
total volume of 20 µl or 50 µl. However, as most applications that required 
proofreading also required purified PCR results, a reaction volume of 50l was used 
when using this enzyme. Template DNA was typically added at an initial 
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concentration of 20-100 ng/µl. All sets of PCR reactions contained a negative 
(template-free) control reaction to highlight any contamination of PCR reagents. 
 
PCR Reagent  Volume in 
20 µl Reaction 
Volume in 
50 µl Reaction 
5X Phusion HF Buffer  4 µl 10 µl 
dNTP Mix (10 mM each)  0.4 µl 1 µl 
Forward Primer (10 pmol/µl)  1 µl 2.5 µl 
Reverse Primer (10 pmol/µl)  1 µl 2.5 µl 
Template DNA  1 µl 2.5 µl 
Phusion DNA Polymerase (2 
u/µl) 
 0.2 µl 0.5 µl 
H2O  12.4 µl 31 µl 
Total Volume  20 µl 50 µl 




Table 2.4 describes the typical PCR conditions used with Phusion DNA Polymerase 
(New England Biolabs). The number of Denaturation-Annealing-Extension cycles 
was altered according to the concentration of DNA template used in the reaction and 
was often altered when trying to optimise the reaction. The length of the extension 
step was varied according to the predicted size of the product being amplified, 
allowing 30 seconds of extension per Kilobase of product. The annealing 
temperature was also varied according to the melting temperatures of the 
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oligonucleotide primers being used. This typically varied between 50C and 60C 
and was calculated based on the melting temperatures of the primers detailed in 
Appendix A. 
 
Step Temperature Time # Cycles 
Initial Denaturation 98C 30 sec x1 
Denaturation 98C 10 sec  
Annealing 50C - 60C 30 sec x35 
Extension 72C 30 
sec/kb 
 
Final Extension 72C 10 min x1 
Infinite Hold 4C ∞ x1 
Table 2.4: Standard conditions used for PCR with Phusion DNA Polymerase. 
 
Following PCR, products were either processed immediately or stored at 4C until 
ready for use. For long term storage, products were frozen at -20C. 
2.2.2.iii Long PCR 
For PCR applications where large regions of sequence beyond the amplification 
range of standard PCR enzymes were being amplified, Fermentas Long PCR 
Enzyme Mix (Thermo Fisher Scientific Inc.) was used. Fermentas Long PCR 
Enzyme Mix contains both Taq DNA Polymerase and a second thermostable DNA 
polymerase with proofreading activity and is able to amplify up to 21 kb from 
genomic DNA templates. The volumes of reagents used in Long PCR reactions 
using this mix are shown in Table 2.5. All PCR reactions were performed in a total 
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volume of 50 µl. Template DNA was typically added at an initial concentration of 
20-100 ng/µl. All sets of PCR reactions contained a negative (template-free) control 
reaction to highlight any contamination of PCR reagents. 
 
 
PCR Reagent   Volume in 
50 µl Reaction 
10X Long PCR Buffer 
with 15 mM MgCl2 
  5 µl 
dNTP Mix (2 mM each)   5 µl 
Forward Primer (10 pmol/µl)   2 µl 
Reverse Primer (10 pmol/µl)   2 µl 
Template DNA   2 µl 
Long PCR Enzyme Mix (5 u/µl)   0.5 µl 
H2O   33.5 µl 
Total Volume   50 µl 
Table 2.5: Standard volumes of PCR reagents used in a reaction with Fermentas 
Long Enzyme Mix. 
 
 
Table 2.6 describes the typical PCR conditions used with Fermentas Long Enzyme 
Mix (Thermo Fisher Scientific Inc). The number of Denaturation-Annealing-
Extension cycles was altered according to the concentration of DNA template used 
in the reaction and was often altered when optimising the reaction. The length of the 
extension step was varied according to the predicted size of the product being 
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amplified, allowing 1 minute of extension per Kilobase of product. The annealing 
temperature was also varied according to the melting temperatures of the 
oligonucleotide primers being used. This typically varied between 50C and 60C 
and was calculated based on the melting temperatures of the primers detailed in 
Appendix A. 
Step Temperature Time # Cycles 
Initial Denaturation 98C 3 min x1 
Denaturation 96C 20 sec  
Annealing 50C - 60C 30 sec x10 
Extension 68C 60 
sec/kb 
 
Denaturation 94C 20 sec  
Annealing 50C – 60C 30 sec x25 
Extension 68C 60 
sec/kb 
 
Final Extension 72C 10 min x1 
Infinite Hold 4C ∞ x1 
Table 2.6: Standard conditions used for PCR with Fermentas Long PCR Enzyme 
Mix 
Following PCR, products were either processed immediately or stored at 4C until 
ready for use. For long-term storage, products were frozen at -20C. 
2.2.2.iv Rapid Amplification of 3’ cDNA Ends (3’ RACE) PCR 
Amplification of 3’ ends of specific cDNA transcripts was performed using the Go-
Taq Flexi DNA Polymerase Kit (Promega) with a gene specific forward primer and 
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an Oligo V(dT)18 reverse primer. The Oligo V(dT)18 primer consisted of 18 Ts, 
designed to anneal to the polyA tail of the mRNA transcripts, preceded by either A, 
C or G in a 1:1:1 ratio. As such, 3x standard volume of the reverse primer was 
necessary as only one third of primers would anneal correctly. The volumes of 
reagents used in 3’ RACE PCR reactions are shown in Table 2.7. 3’ RACE PCR 
reactions were typically performed in a total volume or 25 µl, or 50 µl when the 
products were to be isolated. Template RNA was typically added at an initial 
concentration of 20-100 ng/µl. All sets of PCR reactions contained a negative 
(template-free) control reaction to highlight any contamination of PCR reagents. 
 
PCR Reagent  Volume in 
25 µl Reaction 
Volume in 
50 µl Reaction 
5X GoTaq Flexi Buffer  5 µl 10 µl 
MgCl2 Solution (25 mM)  2 µl 4 µl 
dNTP Mix (10 mM each)  0.5 µl 1 µl 
Forward Primer (10 pmol/µl)  1 µl 2 µl 
Oligo V(dT)18  Primer (10 pmol/µl)  3 µl 6 µl 
Template DNA  1 µl 2 µl 
GoTaq DNA Polymerase (5 u/µl)  0.1 µl 0.2 µl 
H2O  12.4 µl 24.8 µl 
Total Volume  25 µl 50 µl 





PCR was performed under the same conditions as standard PCR using GoTaq DNA 
Polymerase, with the annealing temperature calculated according to the melting 
temperature of the gene specific forward primer. Following PCR, products were 
either processed immediately or stored at 4C until ready for use. For long-term 
storage, products were frozen at -20C. 
2.2.2.v. Purification of PCR Products 
When visualisation of PCR products by Agarose Gel Electrophoresis (2.2.3.i) 
revealed that only one product had been produced, products were purified directly 
from solution using the QIAquick PCR Purification Kit (Qiagen). Unless stated 
otherwise, all centrifugation steps took place at 17,900 x g at room temperature. 
The PCR reaction solution was added to a 1.5 ml microcentrifuge tube and 5 
volumes of Buffer PB (containing Guanidine Hydrochloride and Isopropanol) were 
added to the tube to denature the PCR reagents and precipitate the DNA. The 
mixture was transferred to a QIAquick column and the column was placed into a       
2 ml collection tube. If the volume of the mixture exceeded the maximum capacity 
of the column (800 µl), the mixture was divided into 800l aliquots and the 
following step repeated until all of the mixture had been processed. The DNA was 
bound to the column by centrifugation for 1 minute. The flow through was discarded 
and the column place back into the same collection tube. The bound DNA was 
washed by adding 750 µl Buffer PE (containing Ethanol) and centrifuging for 1 
minute. The flow through was discarded and the column was returned to the 
collection tube and subjected to a further minute of centrifugation to remove residual 
buffer. The QIAquick column was removed from the collection tube and placed in a 
clean 1.5 ml microcentrifuge tube. 50 µl Buffer EB ((containing 10 mM Tris.Cl 
pH8) was applied to the column filter and the PCR products were eluted by 
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centrifugation for 60 seconds. When a higher concentration of product was required, 
the volume of Buffer EB used was reduced to 30 µl and the column was allowed to 
stand for 1 minute prior to centrifugation. The concentration of eluted PCR products 
was measured using a Nanodrop Spectrophotometer (Thermo Fisher Scientific Inc.). 
 
2.2.3 Gel Electrophoresis 
2.2.3.i Agarose Gel Electrophoresis 
PCR products were analysed using electrophoresis of agarose gels containing 
Ethidium bromide to confirm that the correct products of a predicted size had been 
produced. Typically, gels containing 1.5% agarose were used, however, agarose 
concentration was decreased to 1% when larger product sizes were predicted and 
increased to 2% when multiple bands were seen. Agarose gels were made by adding 
molecular grade agarose (Sigma-Aldrich) to 0.5x TBE Buffer in the correct w/v ratio 
to provide 1%, 1.5% or 2% gels. The mixture was heated with regular agitation to 
ensure that the agarose was completely dissolved. Ethidium bromide was added from 
stock (10 mg/ml) to a final concentration of 0.2 µg/ml. The gel was poured into a 
casting tray and a comb was placed with its teeth submerged in the gel, and was 
allowed to cool. Once cooled, the comb was removed and the gel was placed into a 
Mini-Sub Cell GT Cell (Bio-Rad) and covered in sufficient TBE buffer. For larger 
gels, either the Wide Mini-Sub Cell GT Cell or Sub-Cell GT Cell (Bio-Rad) was 
used according to size required. Samples were loaded directly into the wells left by 
the teeth of the gel casting combs. For clear samples, 6X Blue Loading Dye (New 
England Bioloabs) was added in a 1:5 ratio to provide blue colour for loading. For 
reference, 5 µl DNA marker ladder was loaded alongside samples to aid in band size 
determination. Different ladders were used depending on the predicted size of PCR 
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products. For products <1 kb in length, 100 bp DNA Ladder (New England Biolabs) 
was used. For products >1 kb in length, 1 Kb DNA Ladder (New England Biolabs) 
was used. Samples were run by applying 80 volts to the gel for 30 minutes using a 
PowerPac Basic Power Supply (Bio-Rad). When larger gels were run using a Sub-
Cell GT Cell, the voltage was increased to 110 volts. Following gel electrophoresis, 
DNA was visualised by transillumination with UV light. 
 
2.2.3.ii Extraction of PCR Products from Agarose Gel 
PCR products were isolated from agarose gel using the QIAquick Gel Extraction Kit 
(Qiagen). This was used as an alternative to the QIAquick PCR Purification Kit 
(Qiagen) when PCR products showed multiple bands and only those of a specific 
size were to be extracted. Unless stated otherwise, all centrifugation steps took place 
at 17,900 x g at room temperature. 
Using a clean scalpel, the desired band was excised from the agarose gel under UV 
light and placed into a clean 2 ml microcentrifuge tube and weighed. 3 volumes of 
yellow Buffer QG (containing Guanidine thiocyanate) were added to one volume of 
gel (for example, 100 mg ~ 100 µl) to aid in solubilisation.  The tube was incubated 
at 50C for 10 minutes, with regular agitation until the gel had completely dissolved. 
If the colour of the solution had changed from yellow to purple, 10 l 3 m Sodium 
acetate (pH5) was added to lower the pH and restore the yellow colour. Once the gel 
was fully dissolved, 1 gel volume of room temperature isopropanol was added to the 
sample and mixed well. The mixture was then transferred to a QIAquick spin 
column and the column was placed into a 2 ml collection tube. If the volume of the 
mixture exceeded the maximum capacity of the column (800 µl), the mixture was 
divided into 800 l aliquots and the following step repeated until all of the mixture 
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had been processed. To bind the DNA to the column, the sample was centrifuged for 
1 minute. The flow through was discarded and the column returned to the same 
collection tube. 500 µl Buffer QG was added to the column and the sample was 
centrifuged for a further minute to remove any traces of agarose. The flowthrough 
was discarded and 750 l Buffer PE (containing Ethanol) was applied to the filter. 
When the sample was to be directly used for sequencing, or other salt sensitive 
applications, the column was allowed to stand for 5 minutes. The sample was 
washed by centrifugation for 1 minute and the flow through was discarded. The 
column was placed back into the collection tube and subjected to a further 1 minute 
of centrifugation to remove residual ethanol from the filter. The column was 
removed from the collection tube and placed in a 1.5 ml microcentrifuge tube. To 
elute the DNA, 50 µl Buffer EB (containing 10 mM Tris.Cl pH8) was applied to the 
filter and the sample was centrifuged for 1 minute at 20,913 x g. When a higher 
concentration of eluted DNA was desired, the volume of Buffer EB was reduced to 
30 µl and the sample was allowed to stand for 4 minutes prior to centrifugation. The 
concentration of eluted PCR products was measured using a Nanodrop 
Spectrophotometer (Thermo Fisher Scientific Inc.). 
 
2.2.4 Nucleic Acid Restriction 
2.2.4.i Digestion of DNA using Restriction Enzymes 
A variety of different restriction enzymes were used to cut DNA based on recognised 
sequences, either 4 bases or 6 bases in length. All enzymes used were provided by 
New England Biolabs. Table 2.8 shows the volumes of different components used in 
a typical restriction digest using the four base cutter HaeIII (New England Biolabs).  
1 unit of enzyme is typically the amount required to digest 1 µg DNA in a 50 µl 
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reaction in 60 minutes. However, a 10x overdigestion was used in order to neutralise 
any variability introduced by differences in DNA templates.  Four different buffers 
are available from New England Biolabs for use in digestion reactions. Information 
provided with each enzyme indicated to the level of activity achieved by the enzyme 
in each of the available buffers. In all cases, the Buffer which allowed for the highest 




HaeIII Restriction Enzyme (10 u/µl) 1 µl 
DNA 1 µg 
10X NE Buffer 2 5 µl 
H2O To 50 µl 
 
Table 2.8: Volumes of components used in a typical restriction digest. 
 
Reactions were typically incubated at 37C for 60 minutes to allow digestion to take 
place. The temperature and duration of incubation was varied according to the 
requirements of individual enzymes. Reactions were typically stopped using heat 
inactivation. This was performed by incubating the reaction mixture to 80C for 20 
minutes. The temperature and duration of heat inactivation used was varied 
according to the requirements of individual enzymes.  Following digestion, restricted 
DNA could be purified using the Qiagen QIAquick PCR Purification Kit (2.2.2.v). 
 
2.2.5 DNA Cloning 
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2.2.5.i DNA Ligation 
DNA ligation was performed using T4 DNA Ligase with the pGEM-T Easy Vector 
System (Promega). Alongside DNA samples, ligation reactions were also performed 
using control insert DNA (positive control) and with no DNA insert (background 
control. 5 l 2x Rapid Ligation Buffer was added to a clean 1.5 ml microcentrifuge 
tube with 1 µl pGEM-T Easy Vector. DNA inserts to be ligated were added in a 3:1 
ratio of insert to the vector, equating to ~20 ng insert. For the positive control, 2 µl 
control insert DNA was added. 1 µl (3 units) of T4 DNA ligase were also added 
before H2O was added to bring the reaction to a total volume of 10 µl. The reactions 
were mixed gently by pipetting and incubated at 4 C overnight (minimum 16 
hours). 
 
2.2.5.ii Transformation of Competent Cells 
Ligated DNA Vectors were transformed into Stratagene XL1-Blue Competent Cells 
(Agilent technologies). During transformation, an extra positive control was 
performed using the pUC18 control vector. 
XL1-Blue competent cells (stored at -80 C) were thawed on ice. Once thawed     
100 µl of cells were pipetted into a 14 ml Falcon Polypropylene tube that had been 
pre-chilled on ice. 1.7 µl -mercaptoethanol was added to each aliquot of cells. The 
tubes were swirled gently then incubate on ice for 10 minutes, with additional 
swirling every 2 minutes. Between 0.1 ng and 0.5 ng ligated sample DNA was added 
to the cells, with 1 µl pUC18 control DNA added to the positive control tube, and 
incubated for a further 30 minutes on ice. The cells were heat shocked at 42 C in a 
water bath for precisely 45 seconds and incubated on ice for a further 2 minutes.    
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0.9 ml SOC medium, preheated to 42 C, was added and the cells were incubated for 
1 hour at 37 C, shaking at 250 rpm. 
LB agar plates were prepared containing Ampicillin at a final concentration of        
50 g/ml. To allow blue/white selection of colonies, X-gal (20 mg/ml) and IPTG 
(20%) were added at final concentrations of 800 ng/ml and 20 ng/ml respectively. 
200 µl transformation mixture was applied to an LB agar plate and streaked evenly 
across the surface. For pUC18 control plates, 5 µl pUC18 transformation mixture 
was plated. Plates were incubated at 37 C overnight (minimum 17 hours) to allow 
colony growth and colour development. Colonies that contained the desired insert 
developed a white colour whilst those that didn’t developed a blue colour. Incubation 
for a further 2 hours at 4 C helped to enhance colour development. 
A number of white colonies were identified and transferred to a fresh plate using a 
heat sealed pipette tip. The presence of the desired insert within these colonies was 
further confirmed by colony PCR, using bacterial colonies as a source of template 
DNA by dipping the pipette tip into the PCR reaction mixture. PCR was then 
performed according to the same protocol as Standard PCR (2.2.2.ii) with SP6 and 
T7 primers (described in Appendix A), designed to amplify DNA inserts from the 
pGEM-T vector. Transferred colonies were incubated overnight (minimum 17 hours) 
at 37C to allow further growth. 
 
2.2.5.iii Preparation of Plasmids for Sequencing 
Before plasmids were purified from colonies for sequencing, the colonies were 
grown in liquid culture. 2 ml of liquid LB media was added to a 14 ml Falcon 
Polyproylene tube with 2 µl Ampicillin (1000x dilution). The media was inoculated 
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with colonies know to contain the desired insert and incubated overnight (minimum 
16 hours) at 37 C, shaking at 250 rpm. 
Plasmids were prepared for sequencing using the PureYield Plasmid Miniprep 
System (Promega). Unless stated otherwise, all centrifugation steps were performed 
at 17,900 x g at room temperature. 
Following overnight incubation, liquid cultures were centrifuged at 3250 x g for 10 
minutes to pellet the cells. The supernatant was discarded and the cells were 
resuspended in 600 µl LB media and transferred to a 1.5ml microcentrifuge tube. 
100 µl Cell Lysis Buffer was added to the cells and mixed by inversion. Lysis was 
allowed to occur for no more than 2 minutes before 350 µl cold Neutralisation 
Solution (stored at 4 C) was added and mixed thoroughly by inversion. Following 
complete neutralisation, indicated by the formation of a yellow precipitate, the 
mixture was centrifuged for 3 minutes to remove cellular debris. The supernatant 
was transferred to a PureYield Minicolumn and the column was placed in a 
PureYield Collection tube. The mixture was centrifuged for 15 seconds, the flow 
through was discarded and the column was returned to the same collection tube.   
200 µl Endotoxin Removal Wash was added and the column was centrifuged for a 
further 15 seconds. Following centrifugation, 400 µl of Column Wash Solution was 
added to the column and the mixture was centrifuged for 30 seconds. The column 
was transferred to a clean 1.5 ml microcentrifuge tube and 30 µl Elution Buffer     
(10 mM Tris-HCl, 0.1 mM EDTA pH8.5) was applied directly to the column filter. 
The column was allowed to stand for 1 minute and then centrifuged for 15 seconds 
to elute the plasmid DNA. DNA was then processed immediately or stored at -20 C. 
The concentration of eluted Plasmid DNA was measured using a Nanodrop 
Spectrophotometer (Thermo Fisher Scientific Inc.). 
62 
 
2.2.6 DNA Sequencing 
2.2.6.i Direct DNA Sequencing 
All direct sequencing of DNA was performed by external bodies. Samples 
sequenced by the Durham DNA Sequencing and Fragment Analysis Facility were 
sequenced using the Applied Biosystems 3730 DNA Analyser. Samples sequenced 
by Eurofins MWG Operon were sequenced using Applied Biosystems 3730XL DNA 
Analyser. 
 
2.2.6.ii Next Generation DNA Sequencing. 
a) 454 Sequencing 
The 454 sequencing platform relies on the pyrosequencing reaction, detecting light 
emitted as nucleotides are incorporated into a complementary strand of DNA 
(Mardis, 2008). All 454 sequencing was performed by the Centre for Genomic 
Research, University of Liverpool using the Roche 454 GS FLX. Pyrosequencer. 
 
b) Illumina Sequencing 
The Illumina sequencing method relies on synthesis of a DNA strand using 
fluorescent labelled nucleotides which imaged following the incorporation of each 
base (Mardis, 2008). All Illumina Sequencing was performed by The Genome 








2.2.7 Sequence Analysis of DNA 
2.2.7.i Confirmation of Sequencing Results 
DNA sequence data was produced in FASTA format and accompanied with 
chromatogram files to aid in the manual confirmation of the nucleotide sequence. 
Chromatograms were viewed using Chromas Lite 
(technelysium.co.au/?page_id=13), a free chromatogram viewer produced by 
Technelysium. DNA sequence was presented above the sequencing chromatogram 
and unclear bases were identified. The chromatogram peaks were used to manually 
‘call’ ambiguous bases and to identify erroneous bases for removal. Following 
alterations, the FASTA sequence was altered accordingly. 
 
2.2.7.ii Assembly of Sequence Contigs 
Sequence contigs were combined by identifying areas of identical sequence at the 
ends of each of the smaller contigs when presented in FASTA format. DNA FASTA 
sequences were analysed using the NCBI Basic Local Alignment Search Tool 
BLASTN search (blast.ncbi.nlm.nig.gov/Blast.cgi) to align multiple contigs and 
identify regions of similar sequence. If homologous sequences were identified, they 
were used to combine the shorter sequence into a single, larger contig by removal of 
the sequence from one strand before joining the two sequences together. When 
possible, identical sequence was removed from the smaller of the two sequences to 
maintain continuity. Similarly, if one sequence was already anchored, having been 
previously joined to another, this sequence was preferred. The reverse complements 
of the sequences were used where necessary to maintain continuity. Reverse 




In instances where genetic material had been obtained from cultivars of Primula 
vulgaris, the TGAC browser was used to convert the sequence from the cultivar into 
the wild type sequence. This served to remove and cultivar specific polymorphisms. 
 
2.2.7.iii Alignment of DNA Sequences 
DNA sequences were aligned using the EMBL-EBI ClustalW2 tool 
(www.ebi.ac.uk/tools/msa/clustalw2). Nucleotide sequences were entered in FASTA 
format and aligned based on their nucleotide sequence. The tool provided output by 
presenting the sequences above each other, displaying identical bases and 
highlighting regions unique to one sequence. The same tool was used for the 
alignment of amino acid sequences. 
 
2.2.8 Annotation of DNA Sequences 
2.2.8.i Translation of DNA Sequences 
All nucleotide sequences were translated into Amino Acid sequences using the 
ExPASy Translate tool (www.expasy.org/tools). Nucleotide sequences were 
translated into six open reading frames; 3 forward and 3 reverse. The tool was also 
used to align translated sequence with its original nucleotide sequence. 
 
2.2.8.ii Identification of Homologous Genes. 
Nucleotide sequences were analysed using the NCBI BLAST to identify genes. 
Genes were identified based on homology with previously identified genes from 
other species using both the BLASTN tool, searching a nucleotide database using a 
nucleotide query, and the TBLASTX tool, searching a translated nucleotide database 
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using a translated nucleotide query. Only genes identified as homologous to genes 
from other plant species were recorded. 
 
2.2.8.iii Genetic Annotation of Sequences 
Following the initial identification of a gene containing nucleotide sequence, the 
sequence was translated and aligned to the known amino acid sequence of the 
homologous gene, obtained through the NCBI database, in order to identify any 
introns within the original nucleotide sequence. All open reading frames (ORFs) of 
the translated nucleotide sequence were aligned to the database sequence.  Amino 
acids sequences were displayed alongside the original nucleotide sequences and 
intron-exon boundaries were identified in accordance with the GT-AG rule 
(Breathnach and Chambon, 1981). Start and stop codons were also identified and 
ORFs were combined to construct the amino acid sequence of the gene in 
conjunction with the original nucleotide sequence. 
 
2.2.8.iv Syntenic Mapping of Genes 
Following annotations of all genes found within nucleotide sequences, the amino 
acid sequences of each gene were used as queries in BLASTP searches, using 
protein queries to search protein databases, against a number of species-specific 
databases. The TAIR BLAST (www.arabidopsis.org/blast) tool was used to identify 
homologous genes from Arabidopsis thaliana whilst the Phytozome BLAST tool 
(www.phytozome.net) was used for other species. Upon identification of 
homologous genes, the locus of each gene was recorded and compared to the loci 









3.1.1 Construction of the P. vulgaris cv. Blue Jeans BAC library 
The construction of a BAC library, containing genomic DNA from Thrum Primula 
vulgaris cv. Blue Jeans individuals, provides an important source of sequence data 
from the area immediately surrounding the Primula S locus. Although not all of the 
BACs within the library have been characterised, many of the 54 BACs already 
identified are estimated to cover regions over 60Kb long with some examples, such 
as the BAC 32O2, up to 110Kb in length. Additionally, many BACs have also been 
shown to overlap with others within the library, suggesting that the two BAC 
sequences could be combined into a single, even larger sequence. 
The P. vulgaris cv. Blue Jeans BACs have also been a valuable tool in the 
positioning of the three markers SLL1, PvSLP1 and Hose in Hose relative to the S 
locus (Manfield et al., 2005; Li et al., 2007, 2008, 2011). By identifying SLL1 within 
the BAC 32O2, PvSLP1 within 81B15, and PvGLO (the locus responsible for the 
Hose in Hose mutation) within BAC 28O8, these three BACs could be used as 
starting points to identify other BACs surrounding them, using sequences from the 
end of each BAC to probe the BAC library and identify overlapping sequences. 
Using this method, a BAC walk has now been completed to identify 23 BACs from 
the region between the S locus and PvGLO, and the BACS identified by this method 




Figure 3.1: Relative positions of 23 BACs identified within the P. vulgaris cv. Blue Jeans BAC library. The F and R ends of each BAC are labelled. The 
positions of the S locus markers SLL1, PvSLP1 and PvGLO and estimated sizes of BACs are shown. BACs are not shown to scale (Li et al., 2011). 
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Due to the large size of many of the BACs within the library, Direct DNA 
sequencing methods are unable to provide sequence data far beyond the ends of each 
BAC. Upon identification of each BAC and the sequencing of each end, the end 
thought to be the 5’ end of the BAC was labelled as the F (Forward) end and the 3’ 
end was labelled the R (Reverse) end, named in accordance with their direction 
relative to the S locus. However, on a number of occasions, subsequent probing of 
the BAC library using these F end and R end sequences revealed that the BAC was 
in the opposite orientation. An example of this is the BAC 46P3, in which the end 
sequences 46P3.R is found at the 5’ end of the BAC and 46P3.F at the 5’ end. 
 
 
3.1.2. Attribution of BAC end sequences to S locus alleles 
The region shown in Figure 3.1 is of particular significance given the nature of the 
three markers shown in the figure. PvSLP1 is a Thrum specific polymorphism 
(Manfield et al., 2005) and, in over 170 tests, no examples of recombination between 
PvSLL1 and the S locus have been observed (Li et al., 2007). However, PvGLO has 
been shown to recombine with the S locus (Li et al., 2008). This suggests that the 
mechanisms which restrict recombination within the S locus, also preventing 
recombination between the locus and PvSLL1 and PvSLP1, must not extend as far as 
PvGLO, breaking down within this region. 
In order to characterise the region covered by the BACs shown in Figure 3.1, it is 
important to know which allele of the S locus each BAC was originally cloned from. 
Although all BACs were cloned from Thrum DNA, the heterozygous nature of 
Thrum individuals at the S locus means that the Pin allele for the locus was also 
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present within this original template DNA. As a result, the BAC library will contain 
a 50:50 mix of Pin and Thrum DNA. 
Whilst these sequences could be combined to provide a consensus sequence for this 
region, particularly in the area near PvGLO where the Pin and Thrum alleles become 
less clearly defined, this may lead to the generation of incorrect data closer to the 
locus. Similarly, if, following the assembly of a sequence for this region, any further 
genes can be identified, it will be important to know if they are specific to either 
allele. This would be difficult if the allelic origins of the sequences are not known. 
Therefore, if it can be determined whether each BAC was originally cloned from the 
Pin or Thrum allele, those BACs cloned from the same allele could be sequenced 
and assembled to provide a reference sequence for a single allele of the S locus. 
 
3.1.3. Selection of BACs for analysis 
As discussed above, the mechanism which inhibits recombination within the S locus 
appears to break down within the region between PvSLP1 and PvGLO. 
Consequently, particular attention will be paid to 4 BACs from this region: 81B15, 
46P3, 9B24 and 28O8. Identified from Figure 3.1, these four BACs overlap 
sufficiently to form a link between the two markers whilst containing the least 
amount of redundant sequence due to overlaps. As such, if it can be demonstrated 
that these BACs have all been derived from the same allele of the S locus, they can 
be considered suitable candidates for sequencing and assembly of a single 
contiguous sequence linking the two markers. 
However, in addition to these four BACs, a preliminary screen of other BACs, 
between PvSLL1and PvSLP1 will also take place. For this purpose, 7 more BACs 
were selected from Figure 3.1 that could link the BACs 32O2 and 81B15: 6K4, 
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60I18, 71C24, 28D21, 65K20 and 51M17. Although these BACs are situated within 
the region thought to be protected from recombination, analysis of these sequences 




3.2.1 In vitro analysis of BAC end sequences 
Analysis of BAC end sequences was first approached using in vitro techniques to 
analyse the same BAC end sequences from a selection of Pin and Thrum individuals. 
All DNA samples used were extracted from individuals belonging to the Blue Jeans 
cultivar of Primula vulgaris. 
 
3.2.1.i PCR amplification of BAC end sequences 
Genomic DNA was extracted from 4 Pin and 4 Thrum individuals. BAC DNA was 
also extracted from BAC colonies stored at -80C. Details of PCR primers and 
annealing temperatures used in PCR reactions can be seen in Appendix A. 
Primers designed from BAC end sequences were used to amplify the BAC end 
sequence from 4 Pin and 4 Thrum genomic templates as well as a BAC DNA 
template. Figure 3.2 shows the results of PCR reactions amplifying the 5’ end of the 
BACs 6K4, 60I18, 71C24, 65K20 and 51M17 as well as the amplification of the 3’ 
end of BAC 28D21, as no sequence was available for the 5’ end of this BAC. Figure 
3.2 also shows that no amplification occurred when primers designed BAC end 
71C24.F were used with 3
rd
 Pin genomic DNA template. In addition to this, 





PCR was also used to amplify both BAC end sequences of the BACs 81B15, 46P3, 
9B24 and 28O8 from the same Pin, Thrum and BAC templates. The results of these 
reactions can be seen in Figure 3.3. As shown in this figure, products were obtained 
from all BAC ends. However, primers from the F end of the BAC 46P3 were unable 
to amplify any products from the Thrum genomic DNA templates or from the third 
Pin genomic DNA template. For all other BAC ends however, no visible difference 
could be seen in the size of the products obtained. 
 
Figure 3.2: PCR amplification of BAC end sequences. BAC end sequences  6K4.R, 
60I18.F, 71C24.F, 28D21.F, 20E12.R, 65K20.R and 51M17.F were amplified from 4 Pin 




3.2.1.ii Sequencing of amplified BAC end sequences 
Following the amplification of the ends of the BACs 81B15, 46P3 (R end only), 
9B24 and 28O8 by PCR, the amplified end genomic DNA sequences were analysed 
to identify polymorphisms. This process is described below for the BAC end 
81B15.F and the same process was used for all 8 sequences. 
The PCR reaction to amplify the BAC end sequence 81B15.F, shown above in 
3.2.1.i, was repeated using 2 Pin and 2 Thrum genomic DNA templates. Following 
Figure 3.3: PCR amplification of both BAC ends from the BACs 81B15, 46P3, 9B24 
and 28O8. Sequences were amplified from 4 Pin and 4 Thrum genomic DNA 
templates and a BAC DNA template. 
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gel electrophoresis, the products of the reactions were extracted and sequenced using 
the forward primer 81B15.FF by the Durham DNA Sequencing and Fragment 
Analysis Facility at Durham University. Upon receipt of the sequence data, the 
sequences were aligned using the EMBL-EBI ClustalW2 tool. Figure 3.4 shows the 
results of this alignment. 
As seen in Figure 3.4, the majority of bases in the amplified sequences were the 
same in all 5 templates, with no difference between the Pin and Thrum sequences. 
However, it can also be seen that 7 SNPs exist between the two genomic templates, 
highlight in bold, including 5 substitutions, 1 insertion and 1 deletion. Figure 3.4 
also shows that the same polymorphisms exist between the amplified BAC template 
and the Pin genomic DNA template. In addition to this, the NCBI blast2n tool was 
used to analyse the match between the two genomic templates and the BAC end 
sequence as a result of these SNPs. 
T1                   ATGAATTTCAGG 
T2               ATGAATTTCAGG 
BAC              ATGAATTTCAGG 
P1                ATGAATTTC-GG 
P2                ATGAATTTC-GG 
             ********* ** 
 
T1      ATTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTA 
T2      ATTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTA 
BAC     ATTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTA 
P1      ATTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTA 
P2      ATTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTA 
     ************************************************************ 
  
 
T1      ATATTTGCATGTATGATGTATGTT-AGTGAAGAACGGTGATGAACTTTGTTTTGGAATTG 
T2      ATATTTGCATGTATGATGTATGTT-AGTGAAGAACGGTGATGAACTTTGTTTTGGAATTG 
BAC     ATATTTGCATGTATGATGTATGTT-AGTGAAGAACGGTGATGAACTTTGTTTTGGAATTG 
P1      ATATTTGCATGTATGATGTATGTTCAGTGAAGAACGGTGATGAACTTTGTTTTGGAATTG 
P2      ATATTTGCATGTATGATGTATGTTCAGTGAAGAACGGTGATGAACTTTGTTTTGGAATTG 
     ************************ *********************************** 
 
T1      GGATTTACTTATTATGCAGATTCTGCTGTTACAATTTGGTCTGATTTGACGATTTTATGC 
T2      GGATTTACTTATTATGCAGATTCTGCTGTTACAATTTGGTCTGATTTGACGATTTTATGC 
BAC     GGATTTACTTATTATGCAGATTCTGCTGTTACAATTTGGTCTGATTTGACGATTTTATGC 
P1      GGATTTACTTATTATGCAGATTCTGCTGTTACTATTTGGTCTGATTTGACGATTTTATGC 
P2      GGATTTACTTATTATGCAGATTCTGCTGTTACTATTTGGTCTGATTTGACGATTTTATGC 




T1      CTAGTGTCATGTTGCTTAGTCATTTGTGTTCACTAAGTTTCAGAATCTGACAATAATACA 
T2      CTAGTGTCATGTTGCTTAGTCATTTGTGTTCACTAAGTTTCAGAATCTGACAATAATACA 
BAC     CTAGTGTCATGTTGCTTAGTCATTTGTGTTCACTAAGTTTCAGAATCTGACAATAATACA 
P1      CTAGTGTCATGTTGCTTAGTCATTTGTGTTCACTAAGTTTCAGAATCTGACAATAATGCA 
P2      CTAGTGTCATGTTGCTTAGTCATTTGTGTTCACTAAGTTTCAGAATCTGACAATAATGCA 
    ********************************************************* ** 
 
T1      GGATACTTTAGCAGTGTTACAACCATGCTATTAATCTTTACCATAATAATGGTTTTTAAC 
T2      GGATACTTTAGCAGTGTTACAACCATGCTATTAATCTTTACCATAATAATGGTTTTTAAC 
BAC     GGATACTTTAGCAGTGTTACAACCATGCTATTAATCTTTACCATAATAATGGTTTTTAAC 
P1      GGATACTTTAGCAGTGTTACAGCCATGCTATTAATCTTTACCATAATAATGGTTTTTAAC 
P2      GGATACTTTAGCAGTGTTACAGCCATGCTATTAATCTTTACCATAATAATGGTTTTTAAC 
     ********************* ************************************** 
 
T1      CAAATTTTCTCCCTATAGCGTGTATAAAAACAAAGAATAATAAGAAAAGGAAAAAAAATC 
T2      CAAATTTTCTCCCTATAGCGTGTATAAAAACAAAGAATAATAAGAAAAGGAAAAAAAATC 
BAC     CAAATTTTCTCCCTATAGCGTGTATAAAAACAAAGAATAATAAGAAAAGGAAAAAAAATC 
P1      CAAATTTTCTCCCTATAGCGTGTATAAAAACAAAGAATAATAAGAAAAGGAAAAAAATTC 
P2      CAAATTTTCTCCCTATAGCGTGTATAAAAACAAAGAATAATAAGAAAAGGAAAAAAATTC 
    ********************************************************* ** 
 
T1      CGGGTCAAACGGGTCGGGTATAAACGGGTCGTGTCGGGTTACGTGCGGCTTGATGCCCGG 
T2      CGGGTCAAACGGGTCGGGTATAAACGGGTCGTGTCGGGTTACGTGCGGCTTGATGCCCGG 
BAC     CGGGTCAAACGGGTCGGGTATAAACGGGTCGTGTCGGGTTACGTGCGGCTTGATGCCCGG 
P1      CGGGTCAAACGGGTCGGGTATAAACGGGTCGTGTCGGGTTACGTGCGGCTTGATGCCCGG 
P2      CGGGTCAAACGGGTCGGGTATAAACGGGTCGTGTCGGGTTACGTGCGGCTTGATGCCCGG 
    *********************************************************** 
 
 
T1      GTCGGGTCGGATTTTGAGAAACCCGGCCCAATTGCCATCCCTAATTCTATTGCTTGCAAA 
T2      GTCGGGTCGGATTTTGAGAAACCCGGCCCAATTGCCATCCCTAATTCTATTGCTTGCAAA 
BAC     GTCGGGTCGGATTTTGAGAAACCCGGCCCAATTGCCATCCCTAATTCTATTGCTTGCAAA 
P1      GTCGGGTCGGATTTTGAGAAACCCGGCCCAATTGCCATCCCTAATTCTATTGCTTGCAAA 
P2      GTCGGGTCGGATTTTGAGAAACCCGGCCCAATTGCCATCCCTAATTCTATTGCTTGCAAA 
    ************************************************************ 
 
T1      TTAACTCAAGCAAAGGCATCAAAATAATACCATAAACAGGATAACAACTATTAGTCTATT 
T2      TTAACTCAAGCAAAGGCATCAAAATAATACCATAAACAGGATAACAACTATTAGTCTATT 
BAC     TTAACTCAAGCAAAGGCATCAAAATAATACCATAAACAGGATAACAACTATTAGTCTATT 
P1      TTAACTCAAGCAAAGGCATCAAAATAATACCATAAACAGGATAACAACTATTAGTCTATT 
P2      TTAACTCAAGCAAAGGCATCAAAATAATACCATAAACAGGATAACAACTATTAGTCTATT 
      ************************************************************ 
 
T1      ATACCATAGCAATGTACAAGCATTTTATTGTAACCACGGCTCAGA 
T2      ATACCATAGCAATGTACAAGCATTTTATTGTAACCACGGCTCAGA 
BAC     ATACCATAGCAATGTACAAGCATTTTATTGTAACCACGGCTCAGA 
P1      ATACCATAGCAATGTACAAGCATTTTATTGTAACCACGGCTCAGA 
P2      ATACCATAGCAATGTACAAGCATTTTATTGTAACCACGGCTCAGA 
     ********************************************* 
 
Figure 3.4: Alignment of 81B15.F sequences. Sequences were amplified using BAC 
end 81B15.F primers and sequenced using the primer 81B15.FF. Low quality 
sequence data at both 5’ and 3’ ends has been removed. * indicates a match between 
all sequences for this base. 
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This 98.7% match rate between the Pin and BAC templates, compared to the 100% 
match seen between BAC and Thrum, suggests that the BAC sequence has been 
derived from the Thrum allele. 
The same alignment process was performed for the end sequences of 46P3, 9B24 
and 28O8 as well as 81B15.R. Table 3.1 shows the match rates seen between these 
sequences and the original BAC sequence and the proposed allelic identity of each 
BAC end based upon these percentages. As seen in Table #, this calculation 
suggested that BACS 81B15 and 9B24 were both derived from Thrum, whilst 46P3 
was originally cloned from the Pin allele. However, Table 3.1 also suggests that the 
two ends of 28O8 have different identities, with the 28O8.F showing a closer match 
to the Thrum genomic DNA sequence whereas 28O8.R shows more homology to 
Pin. 
BAC End Sequence 
Length (bp) 
No. non-matching bases Suggested 
Identity 
   Pin Thrum  
81B15 F 647 8 0 Thrum 
 R 638 27 5 Thrum 
46P3 F 322 2 N/A Pin 
 R 217 10 25 Pin 
9B24 F 649 597 181 Thrum 
 R 625 22 10 Thrum 
28O8 F 542 10 9 Thrum 
 R 640 14 149 Pin 
Table 3.1: Homology between 81B15, 46P3, 9B24 and 28O8 end sequences and Pin 









3.2.1.iii Restriction digestion of BAC end 81B15.F 
Following sequencing of the BAC end 81B15.F, the sequence was analysed using 
the online Restriction of DNA Sequences tool (Bikandi et al., 2004) to identify 
possible restriction sites within 81B15.F caused by the 7 SNPs seen in Figure 3.4. 
Table 3.2 shows the restriction sites for the enzyme HpyCH4V identified by this 
tool, including the identified cleavage sites and the expected fragment sizes 
following digestion with the enzyme, including a restriction site at base 264 found 
only in the Pin sequence. 
 
81B15.F was amplified from same genomic DNA templates as in 3.2.1.ii and the 
products were digested using HypCH4V. Figure 3.5 shows the result of gel 
electrophoresis of these products, in which a size difference can be seen between Pin 
and Thrum DNA. It can also be seen that the digestion of BAC DNA has produced 
the same banding pattern as Thrum (Li et al., 2011). 
Individual Full Sequence 
Length (bp) 
Cleavage Sites Expected Fragment 
Sizes (bp) 
T1 614 92/160/500 92/68/340/114 
T2 615 93/161/501 93/68/340/114 
BAC 644 127/195/535 137/68/340/109 
P1 616 93/162/264/502 93/69/102/238/144 
P2 613 90/159/261/499 90/69/102/238/144 
 
Table 3.2: HpyCH4V cleavage sites in 81B15.F. Predicted cleavage sites of sequences 
amplified from BAC end 81B15.F when digested with restriction enzyme HpyCH4V. 





3.2.2. Analysis of BAC end sequences using whole genome sequence data 
The availability of whole genome sequence data provided a further resource of Pin 
and Thrum DNA data with which BAC end sequences could be compared. All 
available end sequences from BACs shown in Figure 3.1 were used as queries to 
BLAST search both the prim-allpin-k71-scaffolds and the prim-allthrum-k71-
scaffolds databases in the TGAC Primula browser. For each BAC end sequence, the 
highest scoring match was recorded from each database. Comparison of the Pin and 
Thrum scores therefore suggested an allelic identity of the BAC end based on 
homology to genomic DNA data. Table 3.3 shows the results of each search, 
including the contig identified from each database and the suggested identity of each 
BAC end based on the match scores.  
Figure 3.5: HpyCH4V digestion of 81B15.F. Gel electrophoresis image of 
81B15.F amplified from Pin and Thrum genomic DNA and BAC DNA and 
digested using enzyme HpyCH4V. 
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Score Contig No. non-
matching 
bases 
Score End BAC 
30C12 F 601 4073181 5 1054 4749923 39 906 Pin Pin 
21O13 F 565 4228625 68 818 4859382 31 523 Thrum Thrum 
R 532 4237983 6 922 2858176 6 922 P/T 
91J7 F 610 4237983 1 1095 4858176 0 1101 Thrum Thrum 
R 605 4098143 8 1058 4811196 8 1058 P/T 
32O2 F 689 4147165 24 1124 4753997 24 1124 P/T Pin 
R 615 4237983 55 854 4858176 56 848 Pin 
13A4 F 639 4207260 39 877 4858339 38 845 Thrum P/T 
R 348 4198972 5 773 4865257 3 778 Pin 
6K4 F 639 4160005 13 1099 4809303 13 1099 P/T Pin 
R 348 4197012 7 426 4838499 4 284 Pin 
60I18 F 455 4160005 7 780 4809303 4 792 Thrum Thrum 
R 508 4229229 7 877 4864670 5 890 Thrum 
2C13 F 501 4038816 38 749 4851925 28 749 P/T Thrum 
R 637 4036066 5 1133 4845017 3 1137 Thrum 
71C24 F 616 4036066 10 1058 4845017 8 1061 Thrum Thrum 
R 644 4064944 42 792 4648977 43 946 Thrum 
28D21 F 439 4242654 62 259 4867444 62 259 P/T P/T 
74D17 F 516 4231369 19 809 4866419 20 805 Pin P/T 
R 612 4240935 11 489 4839021 11 495 Thrum 
76L13 F 672 4241439 28 1083 4865433 7 932 Pin Pin 
R 611 4149516 43 863 4858435 43 856 Pin 
20E12 F 656 4214458 29 1032 4829678 32 1023 Pin Pin 
R 693 4235328 4 1232 4862708 4 1232 P/T 
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65K20 F 621 4235328 4 1099 4862708 4 1099 P/T P/T 
R 627 4242639 1 1122 4829678 1 1122 P/T 
46L18 F 695 4214458 3 1238 4639676 4 1234 Pin P/T 
R 681 4230966 42 646 4937461 49 657 Thrum 
51M17 F 700 4242639 2 1254 4829678 2 1254 P/T Pin 
R 655 4243302 0 1182 4848079 1 1177 Pin 
81B15 F 647 4244749 6 1133 4854631 0 1162 Thrum Thrum 
R 638 4243302 0 906 4845839 0 906 P/T 
15J1 F 678 4226544 20 1155 4821479 9 1159 Thrum Thrum 
R 693 4245353 48 1032 4859308 47 1036 Thrum 
46P3 F 322 4226293 17 302 4865836 17 302 P/T Pin 
R 217 4197906 17 311 4867325 18 307 Pin 
20L16 F 609 4243302 15 1056 4845839 16 1050 Pin P/T 
R 698 4239635 4 1240 4827896 3 1243 Thrum 
9B24 F 649 4059405 9 1088 4801597 44 922 Pin P/T 
R 625 4226544 5 1104 4821479 3 1113 Thrum 
82I1 F 590 4228148 2 967 4819391 8 1040 Thrum Thrum 
R 520 4217967 13 834 4847260 13 834 P/T 
28O8 F 542 4231296 1 973 4844373 1 973 P/T P/T 
R 640 4188597 3 1137 4849460 3 1137 P/T 
 
 
Table 3.3: Homology of BAC end sequences to Pin and Thrum genomic DNA. The highest scoring results of BLAST searches against Pin and 
Thrum genomic DNA contigs using BAC end sequences are shown as well as predicted allelic identities.
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All contigs can be found within the TGAC browser when the following prefixes are 
attached to the contig numbers shown in Table 3.3: 
 All Pin contigs, from the prim-allpin-k71-scaffolds database, require the 
prefix pin_all_wgs_ab_71_ 
 All Thrum contigs, from the prim-allthrum-k71-scaffolds database, require 
the prefix thrum_all_wgs_ab_71_ 
Table 3.3 also shows a suggested allelic identity of each BAC, based on the matches 
identified for each BAC end, as either Pin, Thrum or P/T when no difference could 
be seen between the matching contigs identified from both Pin and Thrum databases. 
In instances where one BAC end suggested an identity of Pin or Thrum but its 
opposite end is mark P/T, the identity from the first BAC (called from Pin or Thrum) 
was assumed. As seen in Table 3.3, 7 BACs were given the suggested identity of Pin 





3.3.1 Allelic origins of BACs 81B15, 46P3, 9B24 and 28O8 
The results presented in this chapter have made it possible to suggest whether BACs 
within the P. vulgaris cv. Blue Jeans BAC library were originally cloned from the 
Pin or thrum allele of the S locus. Whilst a suggested identity has been obtained for 
each of the BACs between the S locus and PvGLO, shown in Figure 3.1, the main 
focus has been on the four BACs 81B15, 46P3, 9B24 and 28O8 that collectively link 
the PvSLP1 to PvGLO. As discussed in 3.1, this region has a particular significance 
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as it is the area between the outer boundary of the S locus and the nearest known S 
locus marker, and thought to contain the other known S locus linked gene sepaloid. 
 
3.3.1.i Analysis using in vitro methods 
The initial PCR amplification of both F and R end sequences from the four BACs, 
shown in Figure 3.3, revealed no significant size differences between sequences 
when they were amplified from Pin and Thrum genomic DNA templates. However, 
Figure 3.3 also shows that no product was obtained when the primers for BAC end 
46P3.F were used with a Thrum genomic DNA template. In contrast to this, the same 
primers successfully amplified the end sequence from 3 of the 4 Pin genomic DNA 
samples and the DNA extracted from the 46P3 BAC colony. This result suggests that 
differences must exist when this sequence is found within the Pin and Thrum 
genomes. The most likely cause for this is a sequence polymorphism in the sequence 
used as a primer, resulting primers that cannot successfully anneal to the Thrum 
template. Alternatively, this could also be caused by a large insertion into the Thrum 
genome that increased the size of the amplicon beyond the capabilities of the Taq 
polymerase used. The reason that no product could be amplified from the third Pin 
genomic DNA template remains unknown and subsequent attempts to optimise the 
PCR reaction were also unsuccessful. However, the products seen for 3 of the Pin 
genomic DNA templates, in addition to the product seen when a BAC template was 
used, strongly suggests that the sequence at the F end of 46P3 was originally derived 
from the Pin allele of the S locus. Therefore, it can also be assumed that the entire 
BAC was derived from this allele, even though no differences can be seen in Figure 
3.3 seen between the Pin and Thrum results when 46P3.R was amplified. 
82 
 
As described in 3.2.1.ii for the example of 81B15.F, two products amplified from 
Pin DNA and two products amplified from Thrum DNA were sequenced and aligned 
to the original BAC sequence. As seen in the example shown in Figure 3.4, this 
allowed for the identification of SNPs between the sequences amplified from each 
template. Further to this, comparison with the sequence derived from the relevant 
BAC colony was able to show if the BAC sequence contained the same 
polymorphisms. In the example of 81B15, shown in Figure 3.4, this demonstrated 
that the BAC sequence possessed the same base changes seen in the Thrum 
sequences. These data are summarised in Table 1.1, which showed that the 7 SNPs 
identified led to a 1.3% difference in the Pin and BAC sequences, and provided 
evidence that 81B15.F was derived from the Thrum allele. 
This same approach, when applied to the other BAC end sequences suggested that 
81B15 and 9B24 originated from the Thrum allele of the S locus and 46P3 from the 
Pin allele, whilst the 2 ends of 28O8 appeared to have been derived from different 
alleles.. Although the BAC end 28O8.R showed a considerably higher level of 
similarity to the sequence amplified from Pin genomic DNA, alignment of 28O8.F to 
genomic sequences appeared more similar to Thrum, suggesting that the allele from 
which 28O8 was originally cloned had recombined.  Given the relatively large 
distance between this BAC and the S locus, it is possible that the mechanism 
preventing recombination has broken down in the region covered by this BAC. This 
is supported by the presence of PvGLO, a gene known to recombine, within this 
BAC. 
With the exception of 46P3.F, for which no Thrum sequence was obtained, 9B24.F 
and 28O8.R, the differences in the % matches of the BAC sequences to the amplified 
Pin and Thrum genomic sequences were very small. For example, 28O8.F was called 
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as Thrum based on a 0.2% difference in the matches between the BAC sequence and 
genomic sequences. These extremely small differences are not unexpected as the 
majority of SNPs seen were substitutions, leading to two sequences that were largely 
identical.  However, the nature of the polymorphisms, as a single change in base, 
means that it is important that the sequence obtained from PCR products is as 
accurate as possible, as sequencing errors or incorrect calling of a base could lead to 
the incorrect identification of a BAC end as Pin or Thrum. 
In the example of 81B15.F, as described in 3.2.1.iii, the polymorphisms seen in 
sequencing could be confirmed by restriction digest. As shown in Table 3.2, a 
restriction site for the enzyme HpyCH4V was identified at base 264 of the Pin 
sequence that coincided with a SNP. As such, an extra restriction site existed in the 
Pin sequence that could not be seen in either Thrum or BAC sequences. As seen in 
Figure 3.5, digestion of the 81B15.F from Pin, Thrum and BAC templates with 
HpyCH4V produced bands of a smaller size in Pin, providing more evidence of 
81B15 as a Thrum linked BAC (Li et al., 2011). 
 
3.3.1.ii Analysis using in silico methods 
Comparisons between known BAC end sequences and newly available whole 
genome data largely supported the data discussed in 3.3.1.i.  The prim-allpin-k71-
scaffolds and the prim-allthrum-k71-scaffolds databases within the TGAC Primula 
browser provided large repositories of sequence data obtained from a variety of Pin 
and Thrum individuals. Therefore, by using BAC end sequences to BLAST search 
these databases, it was possible to quickly search multiple Pin or Thrum genomes to 
isolate the contigs with the most similarity. 
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Table 3.3 shows the results of all of the searches performed against these databases 
and the results for 81B15, 46P3, 9B24 and 28O8 are repeated below in Table 3.4. 
 
BAC End Sequence 
Length 
(bp) 




Score Contig No. non-
matching 
bases 
Score End BAC 
81B15 F 647 4244749 6 1133 4854631 0 1162 Thrum Thrum 
R 638 4243302 0 906 4845839 0 906 P/T 
46P3 F 322 4226293 17 302 4865836 17 302 P/T Pin 
R 217 4197906 17 311 4867325 18 307 Pin 
9B24 F 649 4059405 9 1088 4801597 44 922 Pin P/T 
R 625 4226544 5 1104 4821479 3 1113 Thrum 
28O8 F 542 4231296 1 973 4844373 1 973 P/T P/T 
R 640 4188597 3 1137 4849460 3 1137 P/T 
Table 3.4: Repeated homology results for 81B15, 46P3, 9B24 and 28O8. Highest 
scoring results of BLAST searches against Pin and Thrum genomic DNA contigs for 
BACs 81B15, 46P3, 9B24 and 28O8. 
 
As seen in Table 3.4, the same overall identities are suggested for BACs 81B15 and 
46P3 as suggested using in vitro methods. However, this alternative method was 
unable to determine an identity for 9B24, with both ends showing a greater similarity 
to different alleles. This is in sharp contrast to the results previously discussed. When 
sequenced and aligned to the BAC sequence previously, 9B24.F showed a 
significantly higher level of similarity to the sequence amplified from Thrum than 
that amplified from Pin, a difference of 64.1%. Similarly, Table 3.4 shows that 
46P3.F identified sequences in both Pin and Thrum databases that both showed the 
same level of similarity to the query sequence. Again, this is very different to the 
results of the first PCR screen, shown in Figure 3.3, in which no product could be 
amplified from Thrum genomic DNA. However, as discussed in 3.3.1.i, PCR may 
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have failed due to polymorphisms within the primer sequences in Pin and Thrum. 
Subsequently, when the full BAC sequence was used to search the genomic 
databases, a match could be obtained based on similarities beyond the primer 
regions. 
In addition to these differences, Table 3.4 also shows that neither end of 28O8 
showed a greater similarity to one allele, finding hits scoring the same in each 
database. This shows disparity to the results discussed in 3.3.1.i, which suggest 
28O8.F was derived from the Pin allele and 28O8.R to be from Thrum. 
A possible explanation for the differences in the suggested allelic identities is a result 
of the individuals from which the sequence data was obtained. As described in 3.1, 
the BACs referred to in this chapter were cloned from the Blue Jeans cultivar of P. 
vulgaris. As such, it is very likely that polymorphisms will exist between the 
P.vulgaris cv. Blue Jeans derived BAC sequences and the wild type Primrose 
genome sequences used in this comparison. As a result, it is possible that any 
differences in the % match seen for Pin and Thrum have been exaggerated by natural 
variation between cultivars instead of between Pin and Thrum. 
Another explanation for the different allelic identities suggested by the two methods 
is a result of the heterozygous nature of all Thrum individuals. As described in 1.5.2, 
all Thrum individuals must possess both Pin and Thrum alleles, with the dominant 
Thrum allele responsible for the observed phenotype. Consequently, whole genome 
sequences obtained from Thrum individuals will also contain an amount of Pin 
genomic DNA. The result of this is that sequences such as 28O8.R, which had been 
characterised as Pin through in vitro methods, could identify a contig within the 
Thrum database with an equal score to the one found in the Pin database. 
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The combination of in vitro and in silico methods strongly suggests that 81B15 was 
originally cloned from the Thrum allele of the S locus and 46P3 from the Thrum. 
However, whilst in vitro methods suggested 9B24 as a Thrum-linked BAC, this 
could not be supported using in silico methods and neither method could suggest an 
allelic origin for 28O8. Additionally, even though an identity has been suggested for 
81B15 and 46P3, discrepancies exist between the two methods and, with the 
exceptions of examples such as 81B15.F, it is difficult to be certain that the proposed 
allelic origins are true. As such, while these BACs could be reliably used to form a 
single sequence spanning the region adjacent to the S locus, the results presented in 
this chapter suggest that they contain a mix of Pin and Thrum DNA. Consequently, 
this makes them unsuitable for use in the identification of genes within this region, 
as it would not be possible to determine if these genes were Pin or Thrum specific. 
Similarly, if any allele specific genes were identified which bridge junction between 
BACs, genetic data might be lost with the transition from one allele to the other. 
 
3.3.2 Allelic origins of remaining BACS 
3.3.2.i Analysis using PCR amplification 
The initial PCR amplification of the BAC ends 6K4.R, 60I18.F, 71C24.F, 28D21.F, 
20E12.R, 65K20.R and 51M17.F, shown in Figure 3.2, showed no significant size 
differences between the products amplified from Pin, Thrum and BAC templates. 
However, Figure 3.2 also shows that no product was amplified when primers for 
71C24.F were used with the third Pin genomic DNA template. The reason for this 
absence of product remains unknown and sequencing of successfully amplified 
amplicons showed no differences between Pin and Thrum sequences (data not 
shown). In addition to the absence of any product for P3, multiple bands can also be 
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seen in for 71C24.F in Figure 3.2. The most likely cause for these was a loss of 
specificity when the primers annealed to the original template DNA and optimisation 
of the PCR protocol used should remove these. 
As discussed in 3.3.1.ii, the heterozygous nature of the Thrum genome limits the 
viability of PCR alone as a method of determining the allelic origins of BACs. When 
PCR is used with a Thrum genomic DNA template, it cannot be certain that only the 
Thrum allele will be amplified and it is possible that the Pin allele is amplified from 
both templates. Subsequently, any polymorphisms that exist within the BAC end 
sequences shown in Figure 3.2 may be masked by amplification of the Pin allele in 
place of Thrum. Similarly, as demonstrated in Figure 3.4, many of the 
polymorphisms seen between alleles were mostly SNPs. As such, gel electrophoresis 
would not adequately separate the products to observe size differences. 
 
3.3.2.ii Analysis using in silico methods 
Comparison of all of the end sequences from the BACs shown in Figure 3.1 has 
further illustrated the difficulty in determining the allelic origins of each BAC. As 
seen in Table 3.3, BLAST searches of all remaining BAC end sequences suggested 
that 6 BACs (30C12, 32O2, 6K4, 76L13, 20E12 and51M17) had been derived from 
the Pin allele of the S locus and 7 (21O13, 91J7, 60I18, 2C13, 71C24, 15J1 and 
82I1) were derived from Thrum. However, a further 6 BACs (13A4, 28D21, 74D17, 
65K20, 46L18 and 20L16) could not be assigned to either allele using this method. 
The explanations of this inability to assign these six BACs to either allele are the 
same as those discussed in 3.3.1.ii. Variation between wild type P. vulgaris and the 
Blue Jeans cultivar may be responsible for base miss matches rather than a 
difference in allelic identity. Similarly, the presence of the Pin allele within the 
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Thrum genome means that the BLAST searches shown in Table 3.3 may be 
identifying Pin sequence from the Thrum database. 
Although the focus of the chapter was to determine the allelic origins of the BACS 
81B15, 46P3, 9B24 and 28O8, Figure 3.2 and Table 3.3 serve to demonstrate the 
similarities seen between BAC end sequences throughout the region between 
PvSLL1 and PvGLO, and the subsequent difficulty in determining the origins of each 
BAC. Although one method of analysis may suggest that a BAC is derived from a 
particular allele, for example through the in vitro methods discussed in 3.3.1.i and 
3.3.2.i, alternative methods, such as the in silico methods discussed in 3.3.1.ii and 
3.3.2.ii, can suggest the opposite to be true. This has shown that the BAC end 
sequences alone are often not sufficient to determine the allelic identity of the entire 
BAC and, as a result, any sequence assembled using BAC sequence data could not 
be assigned to either allele of the S locus. Therefore, in order to construct a reference 
sequence for this region of the Primula genome for the purpose of gene 















Assembly of Primula genomic DNA sequences 
 
4.1 Introduction 
Identifying the allelic origins of the Blue Jeans BACs has provided an insight into 
the region immediately surrounding the Primula S locus. This region, on the A side 
of the locus is of particular significance due to the genes that have already been 
identified, including the genes PvSLL1 and PvGLO.  It is also predicted, based on 
genetic mapping data, that the floral homeotic gene sepaloid will be found within 
this region, specifically between the PvSLP1, found in the BAC 81B15, and PvGLO, 
found in the BAC 28O8 (Li et al., 2008, 2008).  
 
4.1.1 Assembly using Blue Jeans BAC DNA sequences 
The region between PvSLP1 and PvGLO also has added significance since 
recombinants between PvGLO and the S locus of PvGLO have been identified, 
whereas there are no known recombinants for PvSLP1. Whilst PvSLP1, unique to the 
Blue Jeans cultivar, is specific to Thrum, the gene PvGLO possesses both Pin and 
Thrum alleles, suggesting that the mechanism inhibiting recombination of the S 
locus breaks down within this region. Previous investigations into the recombination 
frequency of PvGLO have calculated the genetic distance between the S locus and 
PvGLO to be between 0.39 cM and 1.53 cM, though a reliable estimate for the 
physical distance between the two markers has not been obtained (Webster, 2005; Li 
et al., submitted). However, if a single contiguous sequence can be constructed for 
this region, it would be possible to reliably measure the physical distance between 
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these important S locus markers. Further to this, a complete sequence could be 
analysed to identify other genes, such as sepaloid, that may be within this region. 
Sequences from the end of each BAC within the Blue Jeans library have already 
been used to position each BAC relative to each other, though these sequences 
themselves only cover a small fraction of the genome within this region. Although 
sequencing each individual BAC within the library would provide all of the 
sequence data necessary to construct a contig spanning this entire region, this would 
be costly and, due to the overlap between BACs, would produce a large amount of 
redundant sequence data. However, as can be seen in Figure 4.1, it is possible to link 
the two markers with just the four BACs 81B15, 46P3, 9B24 and 28O8, which 






Figure 4.1: The relative positions of 14 BACs cloned from Primula vulgaris 
surrounding PvSLP1 and PvGLO.  
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4.1.2. Assembly using wild type genomic DNA sequences 
Though the single contig that could be derived from these four BACs 81B15, 46P3, 
9B24 and 28O8 would form a single link between the two markers, the assignment 
of the Blue Jeans BACs, see 3.2, to different alleles of the S locus showed that the 
Blue Jeans BAC library contained a mix of Pin and Thrum DNA. As a result, these 
BAC sequences alone cannot be used to reliably characterise the genes within this 
area, as any genes identified could not be confidently assigned to either allele. In 
order to do this, the assembly of another contig, comprising DNA from a single 
individual of known genotype and covering the same region is necessary. Similarly, 
it is possible that differences exist within this region between the Blue Jeans cultivar, 
from which the BACs are derived, and the wild type Primula vulgaris. 
While both forms of Primula would be suitable for use in construction of a genomic 
DNA contig, the heterozygous genotype of Thrum individuals would make any 
sequencing less reliable as the allelic origin of any sequence data would be 
unknown. In contrast, although the S locus prevents a self-crossed homozygous Pin 
individual from setting seed, a Pin individual would be homozygous for the Pin 
allele of the S locus. As such, all sequence data could be reliably attributed to the Pin 
allele, if not classified as Pin specific. In addition to this, whilst the assembly of a 
genomic DNA sequence using data from a single individual would generate a 
consistent sequence, other Pin individuals could also be used to help in the assembly. 
Despite SNPs or other polymorphisms that may exist between individuals, the 
limited recombination of the Pin allele itself means a reliable sequence can still be 
constructed for the purpose of gene identification. Finally, the use of wild type 
Primula vulgaris individuals for whole genome sequencing provides the opportunity 
to translate the knowledge already gained from studies of the Blue Jeans cultivar to a 
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more suitable system. Due to its history as a cultivated garden variety, the Blue 
Jeans  genome is no longer a true reflection of the wild type as a result of various 
artificial selection events. Similarly, the cultivar has historically been bred through 
crosses with other closely related species such as P. veris  and P. elatior. As a result, 
Blue Jeans individuals possess genes that would not be found in a wild type plant. 
Therefore, by choosing a wild type P. vulgaris sample for sequencing, any future 
work, such as that being described in this chapter, as well as Chapter 5, will serve to 
produce a more accurate representation of the species’ 480 Mb genome. 
Though the region between PvSLP1 and PvGLO remains an area of particular 
interest, whole genome sequencing, necessary to produce the Pin genomic DNA 
sequence needed, would also aid in the characterisation of the region between the 
PvSLP1 and PvSLL1. Specific Pin and Thrum alleles of PvSLL1 have been 
characterised (Li et al., 2007) and these are protected from recombination by the 
same mechanism that protects the S locus. Therefore, assembly of a single sequence 
linking this marker to PvGLO would further clarify the physical distance between 
the S locus and the closest gene known to recombine with it. In addition to this, a 
sequence linking PvSLL1 to PvGLO would enable the identification of more genes 
that are situated close to the S locus. 
Although whole genome sequencing of Pin individuals will provide a large amount 
of sequence data, it will be necessary to identify the contigs derived from this 
specific area of the genome. Additionally, although the sequencing process will 
included an automated assembly of these contigs, a higher resolution of sequence, 
necessary if all genes are to be identified, can be attained by manual assembly of 
contigs into larger sequences, as an automated assembly is likely to contain gaps. 
Whilst the assembled BACs from the region between PvSLP1 and PvGLO will 
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provide a suitable scaffold for the assembly of genomic data, and alternative must be 
found for other regions not covered by the BAC sequence. For this purpose, the 
automated scaffold produced upon sequencing can be used to identify original 
genomic contigs and to aid in the positioning of these relative to each other. 
Similarly, sequence data from a self-fertilised, homozygous Long Homostyle 
individual, to be sequenced at the same time as the focus of a genome sequencing 
project, can also be used in the attempt produce a single sequence contig that will 




4.2.1 Construction of a BAC Reference Scaffold 
The four BACS 81B15, 46P3, 9B24 and 28O8 were sequenced by The Centre for 
Genomic Research at Liverpool University using the Roche 454 method. Sequence 
data was returned in the FASTA format with each BAC divided into a series of 
contigs. All BAC contigs referred to can be found in the ‘BAC_contigs’ database of 
the TGAC Primula browser. 
The construction of a full BAC scaffold between the genetic marker 323 (in 81B15) 
and the gene PvGLO (in 28O8) was approached by assembling each BAC in turn 
before the four BACS were combined to create a single contiguous sequence. The 
first BAC assembled was 81B15, using the known BAC end sequences, described in 
3.1, to identify the end 81B1_contig1 and 81B15_contig5 as the two end contigs for 
this BAC. The BAC end sequences were also used to determine the orientation of the 
two end contigs. For example, the orientation of 81B15.R found within 
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81B15_contig5 indicating that contig needed to be reverse complemented to ensure 
the assembled sequence would be derived from the same strand of DNA.  
After the identification of the 81B15_contig1 as the 5’ end contig of 81B15, the 
NCBI blast2n tool was used to identify other contigs that overlapped with this 
sequence. Using 81B15_contig1 as a query and the remaining contigs as subjects, a 
blast2n search showed that 81B15_contig11 shared 2,135 bases in common at the 3’ 
end of 81B15_contig1. As a result, these two contigs could be assembled by 
removing the overlapping sequence from 81B15_contig11 and joining the sequence 
to 81B15_contig1.  
The same procedure was used to subsequently joining 81B15_contig7 to the newly 
assembled sequence. In this instance, blast2n analysis revealed that the sequence 
provided for 81B15_contig7 was in the opposite orientation to the joined 
81B15_contigs 1 and 11. As such, the reverse complement sequence of 
81B1_contig7 was used to extend the BAC sequence. Similarly, the NCBI blast2n 
tool was also to join the reverse complements of 81B15_contigs 4, 2 and 3 to the 5’ 
end of 81B15_contig5, already known to be the end contig at the 3’ end of the BAC. 
Following the assembly of the 2 sequences, each extending from the BAC ends, 
81B1_contig9 remained as the only contig not yet incorporated into the assembly. 
However, no overlap between this contig and either 81B15_contig7 or 81B1_contig4 
could be identified. As a result, 81B15_contig9 could not be orientated within this 
gap using the same method.  
In order to complete the assembly of the 81B15 BAC sequence, primers were 
designed from both ends of 81B15_contig9 as well as from the ends of 
81B15_contig7 and 81B15_contig4 and PCR was used to identify the orientation of 
this contig. Sequencing of PCR products in a preliminary analysis of the region also 
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revealed that both ends of 81B15_contig9 were immediately adjacent those of 
81B15_contig7 and 81B15_contig4. These findings were confirmed and the contig 
was therefore used to join the two sequence assemblies together and complete the 
BAC sequence. Details of the primers are shown in Appendix A. The final order of 
these contigs within 81B15 can be seed in Figure 4.2. 
As described above, each of the four BAC sequences was assembled individually 
and the same process was used in each instance. In order to assemble the four 
separate BACs into a single contiguous sequence, the same process was used. Using 
the NSBI blast2n tool and treating each BAC as a separate sequence, overlaps 
between the four separate BACs were identified. Any duplications in sequence 
between BACs was removed that the sequences were joined to form a single 
contiguous sequence 183,331bp in length.  
Table 4.1 shows the order of each BAC contig within the assembled BAC reference 
scaffold as well as their lengths and orientations. Table 4.1 also shows that a total of 
39,025 bases were removed from the assembled sequences when overlaps were 
removed. Table 4.1 also details the orientations of the original BAC contig 
sequences once incorporated into the scaffold. The symbol +/+ indicates that contig 
sequences were already in the correct orientation for assembly whereas +/- indicates 
that the reverse complement of the contig sequence was used. These data are also 
represented diagrammatically in Figure 4.2, which shows the relative position of 
each BAC contig within the assembled scaffold. Figure 4.2 also demonstrates how, 
despite the cumulative length of the contigs exceeding that of the assembled 
scaffold, the assembled length is less than this, once the overlaps between each BAC 








81B15_contig1 +/+ 8518 8518 
81B15_contig11 +/+ 4643 13161 
81B15_contig7 +/- 11482 24643 
81B15_contig9 +/+ 3886 28529 
81B15_contig4 +/- 9426 37955 
81B15_contig2 +/- 2912 40867 
81B15_contig3 +/- 476 41343 
81B15_contig5 +/- 2852 44195 
46P3_contig2 +/- 12456 56651 
46P3_contig7 +/+ 10115 66766 
46P3_contig11 +/+ 384 67150 
46P3_contig6 +/+ 453 67603 
46P3_contig4 +/+ 543 68146 
46P3_contig1 +/+ 20906 89052 
9B24_contig13 +/+ 2375 91427 
9B24_contig1 +/- 2503 93930 
9B24_contig3 +/+ 30372 124302 
9B24_contig11 +/+ 5273 129575 
9B24_contig10 +/- 21068 150643 
28O8_contig2 +/+ 3295 153938 
28O8_contig1 +/- 29111 183049 
28O8_contig9 +/+ 9375 192424 
28O8_contig11 +/+ 2267 194691 
28O8_contig7 +/- 730 195421 
28O8_contig3 +/- 5731 201152 
28O8_contig4 +/- 14393 215545 
28O8_contig6 +/- 6811 222356 
Assembled Contig Length 183331bp 
 
Table 4.1: The BAC contigs used in the assembly of the Blue Jeans BAC reference 




Figure 4.2: Sequence overlap diagram of the Blue Jeans BAC Reference scaffold. Relative positions of the contigs of 81B15, 46P3, 9B24 and 
28O8 sequence contigs are shown. Identity of each contig is given.
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4.2.2 Assembly of Primula vulgaris genomic DNA sequence 
Assembly of a sequence comprising solely genomic DNA from a Wild Type Pin 
individual took place in two steps. The first of these was the conversion of the 
existing BAC scaffold, described in 4.2.1, from Blue Jeans BAC DNA into wild type 
genomic DNA using sequence data from a wild type Pin individual. Following this, 
the genomic DNA sequence could be extended further using the available sequence 
data. 
Genomic DNA from a wild type Pin individual was sequenced by The Genome 
Analysis Centre using the Illumina sequencing method. In addition to this, a pool of 
genomic DNA, extracted from the Pin progeny of the first individual, and genomic 
DNA from a long homostyle individual were also sequenced. All contigs referred to 
can be found in the TGAC Primula browser in the following databases: 
 pin_pnt_wgs_ab_71_ contigs can be found in the prim-pinparent-k71-
scaffolds database, subsequently referred to as the Parent Database. 
 pin_pl_wgs_ab_71_ contigs can be found in the prim-pinpool-k71-
scaffolds database, subsequently referred to as the Progeny Database. 
 longhomo_wgs_ab_81_ contigs can be found in the prim-longhomo-
k1-scaffolds database, subsequently referred to as the Long 
Homostyle Database. 
 Pin_pnt_scaffold contigs can be found the prim-pinparent-ab-ctg-
scaff database, subsequently referred to as the Pin Scaffold Database. 
 
When possible, contigs from the original Parent Database were used in order to 
maintain consistency. All contigs that formed part of the genomic DNA sequence 
can be seen in Table 4.2. 
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4.2.2.i Conversion of the BAC Scaffold to Pin genomic DNA 
To convert the previously assembled BAC Reference Scaffold, see 4.2.1, into Pin 
genomic DNA, the complete scaffold sequence was used in a BLAST search of the 
prim-pinparent-k71-scaffolds database. This search identified 10 large genomic 
DNA contigs that each matched to different regions of the BAC scaffold. In order to 
maintain the integrity and reliability of the assembled sequence data, only sequences 
with an identity over 90% were recorded. 
The 1st large contig identified was pin_pnt_wgs_ab_71_3858690, a contig 35,649bp 
in length that matched the first 5,528 bases of the BAC scaffold and extended the 
sequence by 30,121 bases. Similarly, the 10
th
 contig, pin_pnt_wgs_ab_71_3787655, 
a sequence 28,236bp in length, matched to the last 6834bp of the BAC reference 
scaffold and therefore extended the sequence by 21413bp. 
Although some of these large contigs already overlapped with each other and could 
be joined immediately, a number of them were separated by gaps. For example, a 
gap of 23,343bp existed between the first contig pin_pnt_wgs_ab_71_3858690 and 
pin_pnt_wgs_ab_71_3711669, the next of the 10 large genomic contigs identified by 
the initial BLAST search. In order to close this gap, pin_pnt_wgs_ab_71_3858690 
was used as a query to search both the Parent Database and the Progeny Database. 
This search identified the contig pin_pl_wgs_ab_71_4625639, which was in turn 
used to identify pin_pl_wgs_ab_71_4450338 in a similar BLAST search, extending 
the sequence further into the gap between the two original contigs. A further BLAST 
search using pin_pl_wgs_ab_71_4450338 as a query identified the contig 
pin_pnt_wgs_ab_71_3750481, a sequence that also overlapped with the large contig 




This same process was used to complete any other gaps between the large contigs 
identified by the original BLAST search. Two exceptions to this occurred between 
contigs pin_pnt_wgs_ab_71_3687878 and pin_pnt_wgs_ab_71_3688273 as well as 
pin_pnt_wgs_ab_71_3745308 and pin_pnt_wgs_ab_71_3849147. In these instances, 
both contigs were extended towards each other in the method described though no 
match could be found to close the gap between two sequences. Therefore, a number 
of Ns were inserted to join the sequences according to the size of the gap, 
determined using the BAC reference scaffold. However, with the exceptions of these 
two small regions, the BAC Reference Scaffold was successfully converted to wild 
type Pin genomic DNA, producing a single contiguous sequence that linked PvSLP1 
to PvGLO. 
 
4.2.2.ii Extension of genomic DNA sequences 
The availability of new genomic DNA sequence data also allowed for the extension 
of the converted BAC Reference scaffold towards PvSLL1. In order to identify 
genomic DNA contigs from the region surrounding this gene, the genomic sequence 
of PvSLL1 was used as a query and identified the contig 
pin_pnt_wgs_ab_71_3847249.  
Using the same technique described in 4.2.2.i, this contig was used to identify other 
contigs within both the Parent and Progeny Databases in order to identify 
neighbouring contigs. In addition to this, contig pin_pnt_wgs_ab_71_3847249 was 
also used to search the Long Homostyle Database and the Pin Scaffold Database. 
Although contigs identified in these two databases did not form part of the 
assembled sequence, they were used as references when overlapping sequences 
could not be identified. An example of this is the extension of the contig 
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pin_pnt_wgs_ab_71_3847249, identified using PvSLL1, in the 5’ direction. Though 
no overlapping sequence could be found within either Parent or Progeny Datbases, 
the scaffold pin_pnt_scaffold4032 was identified within the Pin Scaffold Database. 
This pre-existing scaffold sequence was then used to identify the Parent contig 
pin_pnt_wgs_ab_71_3714983 located 2011 bases from the 5’ end of 
pin_pnt_wgs_ab_71_3847249. Though the scaffold sequence gave no indication as 
to the sequence between the two contigs, it gave an indication of size and the two 
contigs were joined by Ns.  
The sequence surrounding PvSLL1 was also extended towards PvGLO using the 
same process until no more overlapping contigs could be identified to further extend 
the sequence surrounding PvGLO, resulting in a sequence 126,215bp long. In order 
to identify new genomic contigs in the region between the two assembled sequences, 
Blue Jeans BACs from the region were identified and their end sequences were used 
to BLAST the Parent Database. Using the BAC end sequence from the R end of 
BAC 20E12, the contig pin_pnt_wgs_ab_71_3805517 was identified and used to 
identify further contigs from the surrounding area within the Parent and Progeny 
databases. This process was repeated and led to the identification of 19 contigs that 
formed a single sequence 106,288bp in length. Of these 19 contigs, only 2 
(pin_pl_wgs_ab_71_4412622 and pin_pnt_wgs_ab_71_ 3803757) were found not to 
overlap. In order to join these contigs together, pin_pl_wgs_ab_71_4412622 was 
used to search the Long Homostyle database and identified the contig 
longhomo_wgs_ab_81_889015. When this sequence was then used to search the 
Parent Database, the contig pin_pnt_wgs_ab_71_3803757 was found 443 bases from 
the 3’ end of the first contig. Due to the nature of the Long Homostyle sequence, it 
could not be confirmed that the sequence between these two contigs would be the 
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same within the Pin genome. As such, the sequence between the two contigs was 
replaced with Ns. 
Once the contig around 20E12 could not be extended any further, it could be seen 
that a gap remained between this contig and that surrounding PvSLL1. As a result, 
the first sequence (around PvSLL1) was named Seq1 and the second sequence 
(around 20E12) was named Seq2.  
Similarly, a gap also remained between Seq2 and the assembled sequence 
surrounding PvGLO. Therefore, the same approach was used to identify new 
sequence between these two sequences. The BAC 51M17 was identified within this 
region and the F end sequence was used to isolate the genomic contig 
pin_pnt_wgs_ab_71_3858690. This sequence was then extended in both directions, 
using both Parent and Progeny Databases as well as the Pin Scaffold Database for 
reference, until it could be extended no more in the 5’ direction and joined to the 
existing sequence around PvGLO in the 3’ direction.  As a gap still remained 
between this sequence and Seq2, this contig was designated Seq3 and had a total 
length of 277,924bp. Seq1, Seq2 and Seq3, and the positions of PvSLL1, PvSLP1 
and PvGLO are represented in Figure 4.2. 
 
 
Figure 4.3 Sizes and relative positions of Seq1, Seq2 and Seq3. Positions of the 
markers PvSLL1, PvSLP1 and PvGLO are shown. 
 
Seq2: 106288 bp 
PvSLL1 
Seq1: 126215 bp 
PvSLP1 PvGLO 
Seq3: 277924 bp 
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Table 4.2 shows the order of the Pin genomic DNA contigs within the three 
assembled contigs, as well as their lengths and orientations. Table 4.2 also shows the 
cumulative length of the combined contigs in each sequence, as well as the 
assembled sequence length once overlaps between contigs had been removed. 
Although the three contigs shown in Table 4.2 remained as three separate sequences, 
known BAC end sequences were identified near the ends of each sequence. This 
included end sequences from the same BAC found in different sequences. As such, 
the estimated BAC sizes suggested that a large distance could not exist between 
contigs. Therefore, the three contigs were provisionally joined together, using the 
code XXX to signify the breaks between Seq1, Seq2 and Seq3. This completed 
sequence can be seen in Appendix B. Figure 4.4 shows the relative positions of each 
of the contigs listed in Table 4.2 within Seq1, Seq2 and Seq3. As shown in Figure 
4.4, the cumulative length of all of the contigs included would far exceed the length 
of each sequence. However, as in Figure 4.2, the assembled length of each sequence 









Seq1   
pin_pnt_wgs_ab_71_36742587 +/- 9428 9428 
pin_pl_wgs_ab_71_4575578 +/+ 2741 12169 
N  187 12356 
pin_pnt_wgs_ab_71_3714983 +/+ 8533 20889 
N  2011 22900 
pin_pnt_wgs_ab_71_3847249 +/+ 35226 58126 
pin_pl_wgs_ab_71_4635008 +/+ 6491 64617 
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N  1187 65804 
pin_pnt_wgs_ab_71_330645 +/+ 34562 100366 
pin_pnt_wgs_ab_71_3846419 +/- 33242 133608 
Assembled Contig Length 126215 bp 
Seq2    
pin_pnt_wgs_ab_71_3803370 +/- 3435 3435 
pin_pnt_wgs_ab_71_ 3803369 +/+ 7863 11298 
pin_pnt_wgs_ab_71_ 3826434 +/- 10636 21934 
pin_pnt_wgs_ab_71_ 3852102 +/- 5210 27144 
pin_pnt_wgs_ab_71_ 3802165 +/- 5091 32235 
pin_pnt_wgs_ab_71_ 3809657 +/- 23493 55728 
pin_pnt_wgs_ab_71_ 3858100 +/- 4084 59812 
pin_pnt_wgs_ab_71_ 3805517 +/- 26861 86673 
pin_pl_wgs_ab_71_4628703 +/+ 35297 121970 
pin_pnt_wgs_ab_71_ 3710618 +/+ 3298 124268 
pin_pl_wgs_ab_71_4412622 +/+ 1759 127027 
N  443 127470 
pin_pnt_wgs_ab_71_ 3803757 +/- 1048 128518 
pin_pnt_wgs_ab_71_ 3791730 +/- 2387 130905 
pin_pnt_wgs_ab_71_ 3791733 +/ 3914 134819 
pin_pnt_wgs_ab_71_ 3804125 +/ 9894 144713 
pin_pnt_wgs_ab_71_ 3854238 +/ 15357 160070 
pin_pnt_wgs_ab_71_ 3688763 +/ 4030 164100 
Assembled Contig Length 106288bp 
Seq3  
pin_pl_wgs_ab_71_4638286 +/+ 8065 8065 
pin_pnt_wgs_ab_71_ 3721676 +/+ 7731 15796 
pin_pl_wgs_ab_71_ 4431548 +/+ 1791 17587 
N  491 18078 
pin_pnt_wgs_ab_71_ 3830600 +/+ 31239 49317 
N  134 49451 
pin_pnt_wgs_ab_71_3858690 +/+ 35649 85100 
pin_pl_wgs_ab_71_4625639 +/- 1688 86788 
pin_pl_wgs_ab_71_4450338 +/ 572 87360 
pin_pnt_wgs_ab_71_3750481 +/+ 10578 97938 
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pin_pnt_wgs_ab_71_371669 +/- 24012 121950 
pin_pnt_wgs_ab_71_3687878 +/+ 12124 134074 
N  13 134087 
pin_pnt_wgs_ab_71_3688273 +/- 8454 142541 
pin_pnt_wgs_ab_71_3691095 +/- 8233 150774 
pin_pnt_wgs_ab_71_3687726 +/+ 10454 161228 
pin_pnt_wgs_ab_71_3741541 +/+ 9168 170396 
pin_pl_wgs_ab_71_4426546 +/- 4827 175223 
pin_pnt_wgs_ab_71_3850227 +/- 4497 179720 
pin_pl_wgs_ab_71_4434231 +/- 4018 183738 
pin_pnt_wgs_ab_71_3844744 +/+ 29925 213663 
pin_pl_wgs_ab_71_4597131 +/+ 23452 237115 
pin_pnt_wgs_ab_71_3745308 +/- 7217 244332 
N  132 244464 
pin_pnt_wgs_ab_71_3849147 +/+ 6143 250607 
pin_pnt_wgs_ab_71_3688236 +/+ 9145 259752 
pin_pl_wgs_ab_71_4622992 +/+ 32926 292678 
pin_pnt_wgs_ab_71_3787655 +/+ 28236 320914 
Assembled Contig Length 277924 bp 
 
Table 4.2: Pin genomic DNA contigs used to assemble Seq1, Seq2 and Seq3. 




Figure 4.4 Sequence diagrams of Seq1, Seq2 and Seq3. Relative positions of contigs within each sequence are shown, including overlaps between sequences. Blue 
bars signify contigs form the Parent Database and green bars signify contigs from the Progeny Database. Red bars represent sequences of Ns. Numbers above each 





The assembly of the three contigs of genomic DNA sequence described in this 
chapter is significant for a number of reasons. First among these is the breakdown of 
the mechanism that prevents recombination within the S locus that occurs within this 
region. Although PvSLL1, found near the 5’ end of Seq1, is tightly linked to the S 
locus, with only one potential recombination ever seen, PvGLO, found near the 3’ 
end of Seq3, is known to recombine much more frequently. As such, the mechanism 
that restricts recombination of the S locus itself must be lost between these two 
genes. The secondary significance of these contigs is that they make it possible, for 
the first time, to measure the physical distance between the previously characterised 
S locus markers.  
Assembly of the contigs themselves was successful. In particular, the assembly of 
the largest contig, Seq3, was reliant on the construction of the BAC Reference 
Scaffold assembled using Blue Jeans BAC DNA. Although this sequence was 
complete in itself, the decision to incorporate a number of Ns into the sequence upon 
conversion to Pin genomic DNA, see 4.2.2.i, introduces the possibility that some 
important genetic data have been lost from the genomic DNA sequence. However, 
this is unlikely given the relatively small number of Ns that were inserted into the 
sequence. In addition to this, though it was desirable to convert as much of the BAC 
Reference Scaffold as possible into genomic sequence, it was also important to 
ensure that only Pin genomic sequence was used. However, as demonstrated in 
Chapter 3, although the BAC 81B15 was derived from a single allele of the locus, 
other BACS further from the S locus, such as 28O8, appeared to have recombined, 
possessing elements from both alleles. As such, the data from the BAC reference 
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scaffold could not be reliably used to close the gap and maintain the integrity of a 
Pin specific assembly.  
Two further sources of reference sequence were also available when attempting to 
close gaps between contigs in the Seq1, Seq2 and Seq3 assemblies for use as an 
alternative scaffold. The first of these was Long Homostyle genome data. As a result 
of the self-incompatibility of wild type Pin individuals, natural variation outside of 
the immediate S locus region limited the length of the reads produced during 
Illumina sequencing. However, as self-fertile mutants, Long Homostyle individuals 
could be used to produce inbred progeny, with a reduced level of variation in the 
area surrounding G, P and A. As such, when sequencing these individuals, less 
variation was seen between individual reads and they could be more easily 
assembled into longer contigs. By using the Long Homostyle data as an alternative 
scaffold, the chances of identifying an overlapping sequence from either the Parent 
or Progeny was therefore increased and new contigs could be identified to extend the 
assembled sequences. Once new Parent or Progeny contigs had been identified, 
however, any remaining Long Homostyle sequence data that could not be directly 
replaced with data from wither of the Pin databases was removed and replaced with 
Ns. As discussed above, in 4.1.2, efforts were made to assemble as much of the 
sequence as possible from the genome data of a single Pin individual or, if this was 
not possible, its Pin progeny. In order to maintain the integrity of the assembled 
sequence as ‘Pin only’ therefore, it was necessary to removed any sequences such as 
these that could not be confidently assigned to the Pin genome and not the Thrum. 
The other reference sequences used were the Pin Scaffold sequences, assembled 
automatically by TGAC upon sequencing. Similar to the Long Homostyle contigs, 
these sequences provided a longer reference sequence than the Parent or Progeny 
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contigs but did not offer the same resolution of sequence as a manual assembly using 
Pin Parent contigs alone. In addition to this, repeated attempts to combine Parent 
contigs into a scaffold automatically meant that the scaffold sequences available 
were updated regularly, and could have led to an erroneous or obsolete assembly.  
Unlike the Long Homostyle contigs used as reference sequences however, these Pin 
Scaffold contigs were unable to provide sequence data to fill gaps that remained 
between assembled contigs, instead only giving indications of size. As such, Ns were 
used to fill these gaps.  
The final assembly of genomic DNA contigs resulted in three large sequences, 
collectively spanning 510,427bp. However, although these sequences remained three 
separate contigs, the presence of BAC end sequences from the same BACs in two 
different contigs made it possible to estimate the maximum possible distance 
between each contig. At the time that this research was completed, the sequence data 
to complete the gaps between Seq1, Seq2 and Seq3 was unavailable and the decision 
was made to combine the three sequences together with a clear indication (XXX) of 
where the junctions between contigs were. This was made in order that the sequence 
could be completed when more sequence data was available. While the possibility 
remained that important genetic data was lost with the premature joining of the three 
contigs, the estimated BAC sizes suggested that such a loss should remain minimal 
and, by clearly marking the joins between contigs, these regions could be easily 
revisited in the future. 
The combination of Seq1, Seq2 and Seq3 into a single assembled genomic DNA 
contig provides a physical link between the two S locus markers PvSLL1 and 
PvGLO. However, whilst these two genes have been previously identified and 
characterised, the assembly of the genomic DNA sequence described in this chapter 
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Identification and annotation of Primula vulgaris genes 
 
5.1 Introduction 
The functions of the Primula vulgaris S locus have been known since Ernst (Ernst 
1933, 1936b, 1955) identified the three genes that comprise the locus. However, the 
area immediately surrounding this area, and the genes contained within it, has 
remained largely uncharacterised. While more recent work has identified genes such 
as PvSLL1 and PvGLO, which are linked to the S locus (Li et al., 2007, 2008), these 
genes have been used largely as markers for the locus itself and the region of 
genome between them has been subject to little analysis. As such, the assembly of a 
sequence that links these two genes provides an opportunity to identify other genes 
in this area.  
In Chapter 4, three sequences were assembled using genomic DNA from a wild type 
Pin individual and are known to collectively span the distance (over 500kb) between 
SLL1 and PvGLO. Although these contigs remain separate sequences, the method by 
which they were assembled, using BAC sequences as a scaffold, makes it possible to 
position each sequence relative to the remaining two whilst maintaining a good idea 
of the distances between the ends of each contig. While the separate nature of the 
contigs must be born in mind, it is possible, therefore, to join the three sequences 
together to form a single consecutive sequence 510,427bp in length for the purpose 
of identifying genes. This complete sequence can be seen in Appendix B, in which 
the symbol XXX has been used to signifying breaks between contigs. 
With the construction of a single sequence containing both genetic markers SLL1 
and PvGLO, it is now possible to analyse the area for any other genes by identifying 
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homology between the Primula genomic sequence and the known sequences of 
genes from other species.  
 
5.2 Results 
5.2.1 Identification of Primula vulgaris genes 
Genes were identified within the assembled Primula vulgaris sequence using the 
NCBI BLASTX tool. However, the size of the assembled sequence (510,427 bp) 
presented a problem as it was too large to be analysed in a single BLASTX search. 
As such, sequence was split into a total of 57 smaller contigs. This was done by 
dividing the sequences into 10Kb sub-contigs, with each sub-contig overlapping by 
1Kb to minimise the risk of missing genes located across the boundaries between 
sub-contigs. 
Table 5.1 shows details of the genes that were identified within the assembled 
sequence. 51 genes were identified within the sequence. Each gene was assigned a 
number, PvG1 – PvG51, and its position within the whole assembled sequences was 
calculated. As can be seen in Table 5.1, NCBI BLAST suggests a variety of 
functions, among which were PvSLL1 (labelled as PvG2) and PvGLO (PvG49). The 
column on the far right of Table 5.1 shows the regions of the subject sequence that 
were identified by the Primula query in the BLASTX search. Although some genes, 
such as PvG1, only identified a single region from the subject, in this instance a 
Medicago truncatula ARS binding protein, other genes, such as PvG24, which 
matched to an uncharacterised protein from Zea mays but with a suggested function 
as a chaperonin protein, identified 12 smaller regions within its subject that 
combined to cover the entire gene. Therefore, it was assumed that each region of 
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matching sequence represented an exon. Table 5.1 shows a range of scores and E-
values for the different matches that were seen. 
A number of the genes identified within Table 5.1 are of particular interest. 3 of the 
genes identified (PvG15, PvG25, PvG34) found matches to hypothetical proteins 
from Vitis vinifera and a further 7 (PvG11, PvG17, PvG19, PvG22, PvG24, PvG30, 
PvG47) found matches to proteins that are as yet uncharacterised in their relevant 
species. Another 2 genes of note are PvG9 and PvG10. Found next to each other and 
with the same suggested identity; both match to the same regions of a Populus 
trichocarpa Cytochrome P450 protein. PvG23 also displays an interesting pattern in 
its match to a Pentatrichopeptide-repeat containing protein from Vitis vinifera, with a 
number of regions from the query sequence matching to the same region from the 
same subject. A final gene of note is PvG46, a match to the Petunia x hybrid MADS-




Gene # Accession # Identity Subject Species Score E-Value Query Location Matching Subject 
Sequence 
PvG1 XP_003617045.1 ARS Binding Protein Medicago truncatula 50.8 0.007 5261-5374 177-2147 
PvG2 ABD78323.1 SLL1 Protein Primula vulgaris 82 2e
-24 
24444-24641 17-91 
PvG3 ABA08442.1 Neutral/Alkaline 
Invertase 




PvG4 AAD25646.1 Retroelement pol 
polyprotein 
Arabidopsis thaliana 67 0 53486-53217 60-149 
613 0 53181-50296 169-1125 
247 0 50192-49443 1411-1433 



















PvG6 XP_003556191.1 E3 Ubiquitin-protein 
ligase RNF167-like 





































51.6 0.008 102545-103081 539-746 














PvG11 EOY17225.1 Uncharacterised 
Protein 
Theobroma cacao 100 e
-19 
118053-118448 62-199 
PvG12 ADE77272.1 Unknown Protein Picea sitchensis 108 4e
-22 
119344-119610 137-228 

















 126601-126715 4007-4348 








 145706-146137 247-390 
PvG15 CAN81537.1 Hypothetical Protein Vitis vinifera 347 6e
-103 
155050-155718 37-259 
PvG16 XP_003542961.1 Long Chain Acyl-
CoA synthetase 9 




























PvG17 XP_002285854.1 Uncharacterised 
Protein 
Vitis vinifera 41.6 2.8 71215-71440 21-95 
73.9 0 73640-73960 96-190 





oxygenase lycopersicum 61.6 4e
-36







































 3866-3771 180-211 
55.5 5e
-77
 3657-3586 211-234 
85.9 5e
-77
 3506-3249 234-293 
57 5e
-77
 3142-3059 293-320 
58.9 5e
-77
 2964-2869 325-346 
58.2 5e
-77










PvG22 XP_002280177.1 Uncharacterised 
Protein 
Vitis vinifera 73.6 7e
-11 
214666-214923 79-130 
37.4 0.001 215376-215441 127-148 
35.8 0.001 215512-215574 145-164 
PvG23 CBI35955.3 Pentatricopeptide 
repeat containing 
protein 
Vitis vinifera 250 e
-65 
222038-221277 1-248 


















PvG24 NP_001140224.1 Uncharacterised 
Chaperonin Protien 






 228379-228293 111-139 
52.4 e
-58
 228188-228078 134-170 
55.5 e
-58
 228012-227911 168-201 
41.6 e
-58
 227825-227751 196-223 
41.2 e
-58




















129 2e-26 237867-238163 1189-1287 












PvG27 XP_004148322.1 Villin-4-like Actin 
Binding Protein 














 264157-264009 313-362 
70.9 2e
-45




























PvG28 XP_002319808.1 Predicted Zinc Finer 
MYM-type protein 





 275098-274947 245-298 
113 5e
-55
 274940-274356 323-515 
97.4 5e
-55



























42 4.9 289453-289250 424-488 
PvG30 XP_002284506.1 Uncharacterised 
Protein 









120 3e-24 296410-296165 507-588 
PvG31 AAN62347.1 CTV.20 RNA 
Binding Protein 























PvG32 CAE01921.2 Hydrolase Oryza sativa 246 3e
-67 
318971- 320023 20-376 
PvG33 AAB82639.1 Non-LTR 
retroelement reverse 
transcriptase 






PvG34 CAN80126.1 Hypothetical Protein 
(Transposase) 





 332325-332771 196-344 
300 e
-124
 332813-333991 360-728 
56.2 3e
-4
 333190-333330 456-502 
PvG35 BAF01732.2 NAC Domain 
Containing Protein 82 
Arabidopsis thaliana 50.4 0.002 343247-343516 29-121 
43.5 0.38 343247-343453 55-125 
PvG36 XP_00352436.1 Aldehyde 
dehydrogenase family 
3 member H1-like 
















































PvG38 XP_002285869.1 Ubiquitin Protein 
Ligase 
Vitis vinifera 2109 0 373537-370499 1-1016 
1080 0 369948-367504 1016-1831 
PvG39 NP_171677.1 NAC Domain-
containing protein 2 








 381076-380639 145-289 
PvG40 XP_003630459.1 Root Specific Metal 
Transporter 































 399302-399195 308-344 
86.3 2e
-16
 399172-398888 357-453 











 409052-409366 279-351 
50.1 8e
-46







PvG43 XP_003634405.1 Amino Acid 
Permease 2 









 421934-422146 149-219 
83.6 2e
-58
 422251-422391 220-266 
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PvG44 ABD32582.1 Integrase catalytic 
region Zinc Finger, 
CCHC-type aspartic 
peptidase 
Medicago truncatula 272 0 430798-431697 659-956 
47 0.2 431699-431782 957-984 
380 0 431754-432947 980-1387 
195 0 432998-433384 1393-1521 
245 0 433378-433959 1517-1710 
PvG45 XP_002284607.2 NAD Kinase 2 Vitis vinifera 595 4e
-180 
441784-440051 84-742 
PvG46 Q9ATE5 MADS-box protein 
FBP24 






45.1 0.26 456474-456665 197-259 
PvG47 XP_002278437.2 Uncharacterised  WW 
domain containing 
protein 











PvG48 AFP55536.1 Retrotransposon 
Polyprotein 
Rosa rugosa 96.7 e
-16 
476072-475305 508-770 






 474286-474119 1170-1225 
51.6 3e
-26
 474071-473919 1242-1292 
PvG49 ABD78321.1 MADS- box gene: 
Glo Protein 
(PvGLO) 
Primula vulgaris 132 2e
-30 
481859-482047 1-63 















































PvG51 XP_002520262.1 2-oxoisovalerate 
dehydrogenase 






72.4 8e-10 507352-507471 178-217 









Table 5.1: Genes identified within the assembled P. vulgaris sequence. A proposed identity is shown for each gene based on a match to a subject 
from another species. The score and E-value for each match is also shown as are details of the regions within the query sequence and subject 
sequences that match. 
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5.2.2 Annotation of Primula vulgaris genes 
Following the identification of the nature of the genes contained within the 
assembled Primula vulgaris contig, the 51 genes were analysed further to predict  
their unique amino acid sequences and, subsequently, their nucleotide sequences. 
The same procedure was followed for all 51 genes identified (as described in 5.2.1.) 
though PvG46, the MADS box gene FBP24 from Petunia x Hybrida is shown in 
detail as an example. The choice of PvG46 as an example is due to its function as a 
MADS Box protein, which, upon first identification, initially made it a candidate for 
sepaloid (discussed further 5.3). As such, this gene was of particular interest during 
the annotation process. 
 
5.2.2.i Identification of Primula vulgaris open reading frames 
Following identification of PvG46 within the assembled Primula vulgaris sequence, 
the accession number of the identified subject gene Petunia x hybrida FBP24 (as 
shown in Table 5.1) was used to retrieve he full amino acid sequence of the subject 
protein from the NCBI database. This sequence was then annotated to highlight the 








Figure 5.1: The amino acid sequence of the Petunia x hybrida gene FBP24. The four 
regions identified through the NCBI BLASTX search with Primula vulgaris 
genomic sequence are highlighted.  
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In Figure 5.1, green highlighting represents the first subject region described in 
Table 5.1, followed by yellow, blue and grey. The same order of colours was then 
used through the annotation of the gene to signify proposed exons.  
The ExPASy Translate tool was used to translate the region of the P. vulgaris 
sequence known to contain PvG46, as well as 1kb of sequence to either side of the 
predicted gene sequence. All open reading frames were analysed and the same amino 




5.2.2.ii Annotation of Primula vulgaris gene amino acid sequences 
Using the Petunia sequence shown in Figure 5.1 as a guide, the same sequences 
were identified within the different frames of the translated Primula sequence and 
highlighted in corresponding colours. These sequences were subsequently 
considered to be the translated exons of PvG46 and were expanded on.  
Although the highlighted regions of sequence in Figure 5.1 provided the core of the 
Primula gene exons, these needed to be expanded upon to obtain their predicted full 
exon sequence. In order to do this, and identify intron/exon splice junctions, the 
original P. vulgaris nucleotide sequence was used in conjunction with its translated 
form. All intron/exon boundaries were identified using the GT-AG rule and care was 
taken to ensure that the boundaries accounted for any changes in reading frames 
between exons. 
The codons responsible for the highlighted amino acid sequences were identified, 
and these preliminary exons were extended by incorporating nucleotides to both ends 
of the exon until either a GT (marking the start of an intron) or an AG (marking the 
end of the intron) was reached. In some instances, nucleotides were removed from 
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the preliminary exons sequence in order to achieve this. In the case of the first exon, 
nucleotides were either incorporated or removed to ensure that an ATG Methionine 
codon was reached. Similarly, the final exon was extending until a stop codon was 
reached. 
Following the identification of intron/exon boundaries, the exons were combined to 
form the predicted amino acid sequence of PvG46, shown in Figure 5.2. 
 
5.2.2.iii Annotation of Primula vulgaris gene nucleotide sequences 
With the annotation of the amino acid sequence of PvG46, the nucleotide sequence 









Figure 5.2: Predicted amino acid sequence of PvG46. * represents a stop codon. 

















Figure 5.3: Predicted coding nucleotide sequence of PvG46.  
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for each exon could also be identified. These nucleotide sequences were combined to 
construct the predicted coding nucleotide sequence of PvG46, shown in Figure 5.3. 
Annotation of the predicted coding sequence for PvG46 meant the exon sequences 
could also be identified within the assembled contig of Primula genomic sequence. 
This also served to identify the sequences of the introns between them. Figure 5.4 
shows the predicted genomic DNA sequence of PvG46, as well as the 500bp found 
at both the 5’ and 3’ ends of the identified sequence. 
 




























































































Figure 5.4: Predicted genomic DNA sequence of PvG46. Exons are shown in bold. 
Figure includes 500bp beyond both ends of identified gene sequence. 
 
As described in 5.2.2, the same procedure was followed for each of the 51 genes 
identified and described in Table 5.1. The predicted genomic sequences for all 51 
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genes, including 500bp beyond both 5’ and 3’ ends, can be seen in Appendix C. A 
summary of these results is shown in Table 5.2. 


















1 2962 251 3213 
PvG2 +/+ 1 264   264 264 




1 2508 1326 3834 













































PvG7 +/- 1 888   888 888 































1 1186 1491 2677 




1 441 1494 1935 
PvG11 +/+ 1 612   612 612 
PvG12 +/+ 1 270   270 270 






































PvG15 +/+ 1 693   693 693 
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1 2166 660 2826 



































PvG19 +/- 1 306   306 306 











































1 939 1101 2040 















1 495 2118 2613 




















































1 80 876 956 






















































































1 17 1780 1797 

































































PvG32 +/+ 1 1056   1056 1056 




1 97 1789 1886 




1 80 1902 1982 
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PvG35 +/+ 1 329   329 329 



























































































































PvG41 +/- 1 267   267 267 


















































































































































































































































Following annotation of each of the 51 genes described in Table 5.1, a Northern blot 
to determine the expression profiles of PvG1-51 was planned. Whilst time 
constraints prevented the completion of this planned investigation, primers were 
designed to amplify the 3’ UTR region of each gene from Pin genomic DNA by PCR 
using Go-Taq polymerase. Standard PCR protocol, as described in 2.2.2, was 
followed. Primers can be seen in Appendix A and the results are shown in Figure 
5.5.  
 
Figure 5.5: PCR amplification of PvG1-51 3’ UTRs. Results of PCR showing 
genomic DNA amplified from 3’ ends of 51 genes identified from the assembled 




The initial BLASTX search described in 5.2.1 yielded important and interesting 
results. The first of these was the identification of both PvSLL1 (PvG2) and PvGLO 
protein (PvG49), within the assembled sequence, the presence of which was 
expected due to the way that the sequence was originally constructed. However, the 
 1      2      3       4      5      6      7      8     9     10    11    12    13    14    15    16   17   18 
 19   20    21    22    23   24    25   26    27     28   29   30   31     32    33    34   35   36 
37    38    39    40    41   42    43    44   45    46     47   48    49   50    51     +c    -c 
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presence of these two genes is important as they demonstrate very different patterns 
of recombination. PvSLL1, characterised as a tightly linked marker of the S-locus (Li 
et al., 2007) never recombines with the S locus where-as recombination does occur 
between the S locus and PvGLO. As such, the presence of these two genes within the 
assembled contig demonstrates the sequence must span the region within which the 
system that limits recombination in the S locus breaks down. As stated above, the 
exact nature of this system remains unknown though, evidence suggests that the S 
locus is situated near to the centromere of its chromosome, where recombination is 
typically limited (Li et al., submitted) 
The nature of the other genes identified within the region is also interesting. The 
majority of searches returned successful hits to genes of known function from other 
plant species. Among these, 10 genes were identified that did not have a 
characterised function. 3 of these, PvG15, PvG25 and PvG34, were identified as 
Hypothetical Proteins from Vitis vinifera. Due to the largely uncharacterised nature 
of the Vitis genome within the NCBI database, a number of genes such as these exist 
and, whilst the gene has been predicted, it remains to be proved that PvG15, PvG25 
and PvG34 are truly functional genes. However, since they cannot be dismissed with 
any certainty, they will continue to be included among the other 48 Primula genes 
identified. The remaining 7 uncharacterised genes were identified from a variety 
species. Although some (PvG11, PvG17, PvG19, PvG22 and PvG30) gave no 
indication as to their function, PvG24 and PvG47, had suggested functions due to 
similarities with chaperonin proteins (PvG24) or the presence of a Tryptophan 
containing domain (PvG47).  As such, despite an uncharacterised function for 5 of 
these 7 genes, it can be assumed that all 7 are true, functional genes in Primula, 
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whose function could be determined in the future, and will also continue to be 
included. 
Table 5.1 also shows a number of other interesting genes identified by BLASTX 
searches of Primula genomic DNA. Two such examples are two genes (PvG9 and 
PvG10) identified within Primula that display homology to the same Cytochrome 
P450 gene from Populus trichocarpa. In addition to this shared subject match, the 
two genes were identified in close proximity to each other within the Primula contig, 
suggesting possible gene duplication. PvG23, a Pentatricopeptide-repeat containing 
gene, also showed an interesting pattern when it was identified within the Primula 
coting, with more than one region within the sequence mapping to the same parts of 
the gene. Again, this may suggest possible gene duplication within Primula but may 
also be a result of a repetitive nucleotide sequence, resulting in numerous matches 
between query and subject.  
The gene identified as PvG46 also attracted attention due to its identity as a MADS-
box gene, specifically a homologue of the Petunia x hybrid gene Floral Binding 
Protein 24 (FBP24). As stated in 1.8, the region between PvSLL1 and PvGLO is of 
interest as it is thought to be the area in which sepaloid (discussed in 1.6.2) is 
located. As such, the identification of a MADS-box gene within this region was of 
particular importance in the search for the sepaloid gene. Furthermore, the initial 
identification of PvG46 as a homologue of FBP24 provided further evidence in its 
favour as FBP24 had been demonstrated to be a B(sister) MADS-box gene, closely 
related to the B function genes that are instrumental in the development of the 
second and third whorls of the flower in Petunia (de Folter et al., 2006; Coen and 
Meyerowitz, 1991). However, further investigation into the role of FBP24 in 
Petunia, revealed that it was more specifically involved in ovule development, 
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making it a less likely candidate for sepaloid (de Folter et al., 2006). In addition to 
this, sequencing of the FBP24 cDNA sequence extracted from sepaloid floral tissue  
showed no difference to that extracted from wild type individuals. An alignment of 
these two sequences can be seen in Figure 5.6. 
Following the rejection of PvG46 as a candidate for sepaloid, PvG49, a second 
MADS-box gene identified within this region remained as the only candidate. As 
identified in Table 5.1 though, PvG49 was identified as PvGLO, a gene previously 
rejected as a candidate for sepaloid following the discovery of a Thrum specific 
allele (see 1.7.3) and since attributed to the Hose-in-Hose mutation (Li et al., 2008, 
2010).  As such, this gene was not investigated further at this point and it was 
assumed that sepaloid must be located near to but outside of the region being 
examined as no other credible candidates were found. However, despite its rejection 
of PvGLO as a candidate for sepaloid, the generation of a sepaloid genome, 
sequenced subsequent to this investigation and unavailable prior to completion of 
this work, has allowed for comparisons of this gene between the sepaloid and wild 
type genomes. Preliminary analysis of this genome sequence has suggested that a 
polymorphism, leading to the deletion of an intron of PvGLO may exist within the 
sepaloid genome but, whilst this provides further evidence of a link between PvGLO 
and the sepaloid mutation, the existence of an apparent Thrum allele of PvGLO 








Pin                ATG  
Sep                    ATG  
                    *** 
 
Pin    AAAAAAACTCACGAGCTTTCAGTTCTTTGCGATGCTCAAATCGGCCTCATTGTTTTCTCC  
Sep     AAAAAAACTCACGAGCTTTCAGTTCTTTGCGATGCTCAAATCGGCCTCATTGTTTTCTCC 
        ************************************************************   
 
Pin     AACAAAGGGAAGCTCTACGAGTATTCGAGTCACCCAATGAGCATGGGGGAAATCATTGAG  
Sep     AACAAAGGGAAGCTCTACGAGTATTCGAGTCACCCAATGAGCATGGGGGAAATCATTGAG  
        ************************************************************ 
 
Pin     AAGTATCTGACTGCTACAGGAGATTGTATACCAGTAAATGACAATCGGGAGCAGATGTGC  
Sep     AAGTATCTGACTGCTACAGGAGATTGTATACCAGTAAATGACAATCGGGAGCAGATGTGC  
        ************************************************************ 
 
Pin     AGTGAGTTGCTGAAATTAAAGAAAGAAACTGATAGTCTTCAACTAAGCCTGCAATGCTAC  
Sep     AGTGAGTTGCTGAAATTAAAGAAAGAAACTGATAGTCTTCAACTAAGCCTGCAATGCTAC  
        ************************************************************ 
 
Pin     AAAGGCCAAGATTTGGCGTATGTCCAATATGACGATCTCGCTCAGCTCGAACATCAACTA  
Sep     AAAGGCCAAGATTTGGCGTATGTCCAATATGACGATCTCGCTCAGCTCGAACATCAACTA  
        ************************************************************ 
 
Pin     GAGTGCTCGCTTAACAAGGTCCGTGCAAGAAAGAATCAGCTCTTGCAGCAACAGTTGGAC  
Sep     GAGTGCTCGCTTAACAAGGTCCGTGCAAGAAAGAATCAGCTCTTGCAGCAACAGTTGGAC  
        ************************************************************ 
 
Pin     AATCTACAAGAAAAGGACAAAATGTTGGAAAAGGAAAATCTGGAGATGTTTCACTGGTTG  
Sep     AATCTACAAGAAAAGGACAAAATGTTGGAAAAGGAAAATCTGGAGATGTTTCACTGGTTG  
        ************************************************************ 
 
Pin     GCAGGTAACCAAATTGAGAACCAGCACCATCAGGTTATGACTGAGTTGAATCTAGTTGGA  
Sep     GCAGGTAACCAAATTGAGAACCAGCACCATCAGGTTATGACTGAGTTGAATCTAGTTGGA  
        ************************************************************ 
 
Pin     GATCAGCAACAGCAAATGTTTATGGACCATTTCAGGTTCTTCGGCGAACAACAACAACTA  
Sep     GATCAGCAACAGCAAATGTTTATGGACCATTTCAGGTTCTTCGGCGAACAACAACAACTA  
        ************************************************************ 
 
Pin     GTGCAGCCCAATGCTAATACTCACACTGGGTTACTATATCAGTCTCTCCAGCTCAACAAC 
Sep     GTGCAGCCCAATGCTAATACTCACACTGGGTTACTATATCAGTCTCTCCAGCTCAACAAC  
        ************************************************************ 
 
Pin     AGTTTCCGCCTTCAGCCCGCTCAGCCTAACCTCCAAGACCCCAGTTCCTCCACCCTTGCC  
Sep     AGTTTCCGCCTTCAGCCCGCTCAGCCTAACCTCCAAGACCCCAGTTCCTCCACCCTTGCC  
        ************************************************************ 
 
Pin     CTCCTCCAATCGTATGGTATATATGATACATACGTATACGATGCATTTCAAGGGATTGTT  
Sep     CTCCTCCAATCGTATGGTATATATGATACATACGTATACGATGCATTTCAAGGGATTGTT  
        ************************************************************ 
 
Pin     TGGTTGCATCTTTCCCACTTAGCATTTTAA  
Sep     TGGTTGCATCTTTCCCACTTAGCATTTTAA  
        ****************************** 
Figure 5.6: cDNA sequence of FBP24 in Pin and sepaloid. Alginment of FBP24 




Following the initial identification of the 51 genes within the assembled Primula 
contig, each was successfully annotated and a predicted genomic DNA sequence was 
generated for each gene. These predictions are summarised in Table 5.2 and the 
predicted sequence of these genes can be seen in Appendix C. Among these, two 
genes (PvG25 and PvG35) show a high number of Ns in their genomic DNA 
sequence, the result of uncertainty when the bases were called during DNA 
sequencing. In the instance of PvG35, these are seen in the 500bp following the gene 
and contained within the 3’ UTR and, subsequently, this region of the gene cannot 
be fully analysed. This region could be easily clarified by repeated sequencing the 
region. In contrast to this, PvG25 contains a large number of Ns within the single 
intron that was identified for this gene. Although this has not affected the 
identification of the genes coding sequence, resequencing of this area would provide 
further clarification.  
The sequence of this gene also retains a level of uncertainty due to its position within 
the sequence. As seen in Appendix C, the final bases of the third exon are shown as 





within the assembled Primula sequence. As described in 4.2.2.ii, this is a region of 
uncertainty within the assembled sequence and, whilst this does not affect the 
identified coding sequence of PvG25, it does affect the sequence of the 3’ UTR 
shown in Appendix C.  
As described in 5.2.2.iii, a Northern blot was planned for use in an expression 
analysis of PvG1-51. Although time constraints meant that this analysis was not 
performed, the PCR shown in Figure 5.5 was performed to amplify the 3’ end of 
each gene as well as a part of the 3’ UTR and a product was obtained for each of the 
51 genes. Although this primarily provides evidence for the presence of the genes 
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within the Primula contig, it also strengthens the credibility of the sequence as a 
correct assembly, particularly when these genes coincided with the joining of 
sequences to form the contig, described in Chapter 4. This is particular significance 
in the instance of PvG35 where, as discussed above, the final exon of the gene lies 
close to the boundary between Seq2 and Seq3. The successful amplification of a 
product therefore suggests that, if a gap does exists between Seq2 and Seq3 in the 
assembled contig, it can only be small. 
In the example of PvG46, described above in 5.2.2, the genomic sequence of the 
Primula homologue of the Petunia gene FBP24, is derived from the Primula 
genomic sequence. As seen in Figure 5.1, the sequences originally identified from 
the BLASTX search were highlight in colours that corresponded to different matches 
from the Primula query. Among these highlighted regions, some amino acids in the 
sequence have not been highlighted, though some of these have later been 
incorporated as extra amino acids have been incorporated into these preliminary 
exons.   
When the preliminary exons highlighted Figure 5.1 were identified in the translated 
Primula sequence, not all were found within the same open reading frame. For 




 open reading 
frames. In other instances, however, exons were identified throughout all three 
frames or, conversely, all exons were found within the same frame. Using the GT-
AG rule to identify intron/exon boundaries allowed for these preliminary exons to be 
lengthened or shortened to the appropriate length. In instances such as those seen in 
Figure 5.1 where the Primula exons appeared to be shorter than the subject species’ 
exons, a lengthening of the working exons was favoured. Although this resulted in 
exons that were more similar in length to those in the subject species, it is possible 
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that the intron sequence of some Primula genes has been included within their 
coding sequences shown in Appendix C. Similarly, it is possible that coding 
sequence has been including within the intron sequences shown for each gene. For 
many of the genes annotated in the way described in 5.2.2, some change in exon 
length was necessary in order to ensure the GT-AG rule was adhered to without any 
shift in open reading frame. Many of these changes in length involved a very small 
number of bases, though some examples involved a much greater change in exon 
length, allowing a greater margin for error as described above. Similar errors may 
also have occurred when the lengths of the first and final exons were adjusted to 
reach start and stop codons respectively. Therefore, further work should proceed 
with the reservation that the genomic structures of genes annotated in this chapter are 
predictions and have not been confirmed. Whilst the presence of the genes shown in 
Table 5.1 is not in doubt, it should be borne in mind that errors may have been 
introduced due to the sole use of the GT-AG rule alone in predicting intron/exon 
boundaries.  
 Although it is difficult to determine if errors such as these occurred in the annotation 
of the 51 Primula genes that were identified, independent repetition of the annotation 
process could provide supporting evidence. Similarly, a cDNA database, generated 
in support of a P. vulgaris genome sequencing project and under development at the 
time of writing, could also be used to verify the predictions made in this chapter. 
The data presented in this chapter demonstrates that the area immediately 
surrounding the Pin allele of the Primula S locus contains a wide variety of genes 
fulfilling a wide range of functions. However, it is possible that more genes may be 
present than those that have been identified. As described in 5.1, the assembled 
Primula sequence within which these genes were identified consists of the three 
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contigs, joined and treated as a single consecutive sequence. As a result, it is possible 
that more genes could be found if any of the genome has been lost if the contigs 
were joined prematurely. Whilst data such as that shown in Figure 5.5 suggests only 
a small gap may exist between Seq2 and Seq3 of the assembled contig, the size of 
the gap between Seq1 and Seq2 remains unknown. In addition to this, as the 
sequence has been assembled using genomic DNA from Pin individuals, it is 
possible that differences may be seen if the same analysis were made on Thrum 
genomic DNA. While it is unlikely that the genes identified would serve different 
functions it is possible that polymorphisms might exist between the two forms. This 
is already known to occur in genes such as PvGLO, PvSLL1 and PvSLL2 (Li et al., 
2007, 2008). 
The characterisation of this region also allows for comparisons to be drawn between 
Primula and other plant species. As discussed above, it is known that the system 
limiting recombination of the S locus must degenerate within the region spanned by 
the 51 genes identified in this chapter, though it is not known if the structure of this 
region and the order of the genes within it is a consequence of the S locus’ presence 
or if it pre-existed the locus. However, it may be possible to answer this question if 
any level of synteny can be determined between this region of the P. vulgaris 











Syntenic mapping of Primula vulgaris genes 
 
6.1 Introduction 
The identification and annotation of 51 genes within the sequence assembled in 
Chapter 4 has provided an insight into the nature of the genes in the immediate 
surroundings of the Primula vulgaris S-locus. In addition to identifying the function 
of the genes, it is also important to explore the order of the genes within this region 
to gain insight into their evolutionary relationships. 
It is known already that few recombination events take place within the S-locus itself 
and evidence suggests that some of the surrounding genes, such as PvSLL1 and 
PvGLO, possess specific Pin and Thrum alleles (Li et al., 2010; Li et al., 2011). 
Although no recombinants between the S locus and PvSLL1 have been identified, 
recombination is known to occur between the S locus and PvGLO. As both of these 
genes can be found within the assembled Primula sequence, with PvG2 identified as 
PvSLL1 and PvG49 as PvGLO, this would suggest that some of the other genes in 
this region are also likely to be protected against any recombination events, while 
others are not.  
The evolution of the S-locus has been instrumental in the development of the floral 
morphologies seen in Primula species as a part of their self-incompatibility systems. 
The locus itself is thought to consist of the three loci G, P and A (Ernst 1933, 1936b, 
1955) and the preservation of the area immediately surrounding these genes from 
recombination has been key to the conservation of the S-locus as a whole. However 
the extent to which this unknown mechanism, preventing recombination among the 
key genes of the locus, extends beyond G and A is unknown.  
143 
 
Another question yet to be answered regards the point in evolutionary history at 
which the S locus genes converged within this region of the P. vulgaris genome. As 
Primula evolved, genes PvG1-51 must have settled, along with the S locus genes, 
within the genome to form the gene order seen in Chapter 4. However, it is unknown 
whether PvG1-51 converged around the pre-existing S locus or if the S locus genes 
moved into this region after PvG1-51. If it can be shown that this gene order is 
shared with other close relatives of P. vulgaris, either with a different SI system or 
no SI system, this would suggest that the gene order seen in Chapter 4 predates the 
arrival of the S locus genes within this region and that the Primula S locus developed 
after the Primulaceae diverged from a common ancestor.  
In order to determine this, homologues of PvG1-51 will be identified in other plant 
species and their locations within these other genomes will be determined. In order 
to gain a representative view throughout the range of Primula-related species, the 
Eudicot species Arabidopsis thaliana, Solanum lycopersicum and Medicago 
truncatula were chosen for comparison. The positions of these species within the 
phylogenetic tree of the Core Eudicots are shown in Figure 6.1.  
In addition to these three species, Oryza sativa will also be used for comparison. As 
a monocotyledonous species, O. sativa was selected to provide a contrast to the four 
eudicotyledonous species. With reference to Figure 6.1 therefore, it was predicted 
that whilst Solanum would show the highest level of synteny and preservation of 
gene order, and Oryza would show the least. As can be seen in Figure 6.1, Medicago 
and Arabidopsis both lie a similar distance from Primula making any prediction as to 
which is the more closely related species to P. vulgaris difficult. However, any 
preservation of gene order that is observed in comparisons with Primula would 































































Figure 6.1: Phylogenetic tree showing a selection of genera from the Core Eudicots. The positions of Medicago truncatula, Arabidopsis thaliana, Primula 
vulgaris and Solanum lycopersicum are shown in bold. Tree shows only partial data of Eudicot genera so as to highlight the genera being examined and their 




6.2 Results  
6.2.1 Identification of homologous genes 
In order to identify homologous genes from different species, the amino acid 
sequences of PvG1-51, annotated in Chapter 5, were used to perform BLASTP 
searches against the following databases: 
 Arabidopsis thaliana genes were identified by searching the TAIR 
database 
 Solanum lycopersicum, Medicago truncatula and Oryza sativa genes 
were identified by searching the species-specific areas of the 
Phytozome database. 
 
The translated nucleotide sequence of each P. vulgaris gene (PvG1-51) was 
individually blasted against each species-specific database. Tables 6.1, 6.2, 6.3 and 
6.4 show the results of each set of BLASTP searches. For each BLASTP search 
result, the subject’s locus name and location within the subject genome was 
recorded, as well as the length of the amino acid sequence identified. In addition to 
this, Tables 6.1, 6.2, 6.3 and 6.4 also record the orientation of the subject sequence 
relative to the query sequence. +/+ indicates that the subject sequence was found in 
the same orientation as the query whereas +/- indicates that the subject was in the 










Table 6.1: Homologous genes identified in Arabidopsis thaliana. Results of BLASTP searches, using translated Primula vulgaris queries to 
search the TAIR database and identify homologous genes from Arabidopsis thaliana.  
 Primula vulgaris Arabidopsis thaliana 
Gene # Function  Location Length 
(AA) 
Orientation Locus Name Chromosome Location Length 
(AA) 
Orientation 
PvG1 ARS Binding Protein 5216-8428 83  +/+ At2G07440.1 2 3093821-
3094750 
136 +/- 
PvG2 SLL1 Protein 24498-
24686 







567 +/- At4G09510.1 4 6021164-
6023873 
558 +/- 












409 +/+ At1G35620.1 1 13156368-
13158467 
440 +/+ 




419 +/- At1G71980.1 1 27097903-
27100139 
448 +/+ 
PvG7 Predicted Protein 79379-
80266 








709 +/+ At3G04910.1 3 1354635-
1358211 
700 +/+ 
PvG9 Cytochrome P450.1 108359-
111035 
497 +/+ At2G45560.1 2 18776052-
18778510 
512 +/- 
PvG10 Cytochrome P450-2 114043-
115977 
















90 +/+ At1G48410.2 1 17886098-
17892586 
1050 +/- 
PvG13 Squalene Epoxidase 130031-
134460 
556 +/- At1G58440.1 1 21713842-
21717290 
531 +/- 
PvG14 Chalcone synthase 144607-
146146 
384 +/+ At5G13930.1 5 4488688-
4490264 
395 +/+ 
PvG15 Hypothetical Protein 155041-
155733 
231 +/+ AtMG00860.1 Mitochondria 235916-
236392 
158 +/- 
PvG16 Long Chain Acyl-
CoA synthetase 9 
161609-
166651 







220 +/+ At1G21830.1 1 7661118-
7662608 
206 +/- 


















374 +/- At1G69740.1 1 26231804-
26234963 
430 +/+ 
PvG21 Zinc Finger Protein 199632-
201671 






















501 +/- At3G13860.1 3 4561517-
4565279 
572 +/- 
PvG25 Hypothetical Protein 237212-
238163 
289 +/+ At4G23160.1 4 12129485-
12134187 
1262 +/+ 













1064 +/- At4G30160.2 4 14753349-
14760189 
983 +/+ 


















949 +/- At1G21740.1 1 7641580-
7645078 
953 +/+ 



















596 +/- At4G29090.1 4 14333528-
14335255 
575 +/+ 




597 +/+ At3G42170.1 3 14320952-
14324069 
696 +/+ 














493 +/+ At1G44170.1 1 16796400-
16800321 
484 +/- 




358 +/+ At1G44130.1 1 16787508-
16789318 
405 +/- 








containing protein 2 
380639-
383458 
290 +/- At1G01720.1 1 268330-
269819 
289 +/+ 
PvG40 Root Specific Metal 391053- 544 +/- At1G15960.1 1 5481665- 527 +/- 
149 
 
Transporter 396282 5485082 












389 +/+ At1G44110.1 1 16774865-
16777247 
460 +/- 




485 +/+ At1G77380.1 1 29074888-
29077390 
476 +/- 
PvG44 Integrase catalytic 













PvG45 NAD Kinase 2 435960-
441784 
890 +/- At1G21640.2 1 7588414-
7592831 
999 +/+ 




309 +/+ At5G23260.2 5 7836096-
7838505 
252 +/+ 


















PvG49 Glo Protein 481859-
486579 






















Table 6.2: Homologous genes identified in Solanum lycopersicum. Results of BLASTP searches, using translated Primula vulgaris queries to 
search the Phytozome database and identify homologous genes from Solanum lycopersicum. 
 Primula vulgaris Solanum lycopersicum 
Gene # Identity  Location Length 
(AA) 
Orientation Locus Name Chromosome Location Length 
(AA) 
Orientation 
PvG1 ARS Binding Protein 5216-8428 83  +/+      
PvG2 SLL1 Protein 24498-
24686 







567 +/- Solyc06g065210.2 6 37049546-
37053685 
551 +/- 












409 +/+ Solyc11g019920.1 11 9781305-
9788278 
435 +/+ 





419 +/- Solyc06g065330.2 6 37127159-
37132449 
306 +/- 
PvG7 Predicted Protein 79379-
80266 








709 +/+ Solyc01g097840.2 1 80304661-
80308285 
748 +/+ 
PvG9 Cytochrome P450.1 108359-
111035 
497 +/+ Solyc08g080380.2 8 60845204-
60847167 
496 +/+ 
PvG10 Cytochrome P450-2 114043-
115977 












PvG12 Unknown Protein 119344-
119613 
90 +/+ Solyc03g098280.2 3 54075745-
54082377 
980 +/+ 
PvG13 Squalene Epoxidase 130031-
134460 
556 +/- Solyc00g085070.2 0 151749121
5178624 
463 +/- 
PvG14 Chalcone synthase 144607-
146146 
384 +/+ Solyc09g091510.2 9 66123066-
66125217 
389 +/+ 
PvG15 Hypothetical Protein 155041-
155733 
231 +/+ Solyc00g010540.1 0 9815548-
9816573 
341 +/- 
PvG16 Long Chain Acyl-
CoA synthetase 9 
161609-
166651 







220 +/+ Solyc11g013450.1 11 6470193-
6472721 
220 +/+ 


















374 +/- Solyc08g069030.2 8 55322764-
55332861 
430 +/+ 
PvG21 Zinc Finger Protein 199632-
201671 
























501 +/- Solyc03g121640.2 3 63788759-
63796170 
573 +/+ 
PvG25 Hypothetical Protein 237212-
238163 
289 +/+ Solyc01g034160.1 1 36659262-
36660140 
292 +/- 
PvG26 Peroxidase 16 241990-
245513 









1064 +/- Solyc02g021420.2 2 13328830-
13352997 
973 +/- 


















949 +/- Solyc06g060270.2 6 34636335-
34648511 
1014 +/+ 

















596 +/- Solyc03g077970.1 3 42200408-
42201168 
215 +/+ 




597 +/+ Solyc10g007810.2 10 2028853-
2031189 
669 +/- 














493 +/+ Solyc06g060250.2 6 34593565-
34601818 
474 +/- 




358 +/+ Solyc06g009110.2 6 3053791-
3057937 
420 +/- 








containing protein 2 
380639-
383458 
290 +/- Solyc06g060230.2 6 34577474-
34578909 
296 +/- 
PvG40 Root Specific Metal 391053- 544 +/- Solyc11g018530.1 11 8641837- 530 +/- 
153 
 
Transporter 396282 8646829 










389 +/+ Solyc11g005090.1 11 69680-
73275 
490 +/- 




485 +/+ Solyc06g060110.2 6 34421106-
34423721 
471 +/- 
PvG44 Integrase catalytic 











PvG45 NAD Kinase 2 435960-
441784 
890 +/- Solyc06g060060.2 6 34359018-
34368653 
458 +/- 




309 +/+ Solyc11g005120.1 11 107329-
109329 
238 +/- 












546 +/- Solyc12g009540.1 12 2785567-
2787063 
498 +/+ 
PvG49 Glo Protein 481859-
486579 

























Table 6.3: Homologous genes identified in Medicago truncatula. Results of BLASTP searches, using translated Primula vulgaris queries to 
search the Phytozome database and identify homologous genes from Medicago truncatula. 
 Primula vulgaris Medicago truncatula 
Gene # Identity Location Length 
(AA) 
Orientation Locus Name Chromosome Location Length 
(AA) 
Orientation 
PvG1 ARS Binding Protein 5216-8428 83  +/+ Medtr5g087330.1 5 36814906-
36816580 
308 +/- 
PvG2 SLL1 Protein 24498-
24686 





567 +/- Medtr1g096140.1 1 27708256-
27713168 
555 +/- 











409 +/+ Medtr4g059450.1 4 18197853-
18203134 
583 +/+ 




419 +/- Medtr5g024730.1 5 9683574-
9684454 
215 +/+ 
PvG7 Predicted Protein 79379-
80266 
296 +/- Medtr1g081260.1 1 20697153-
20704037 
336 +/- 




709 +/+ Medtr1g081330.1 1 20740323-
20743528 
742 +/+ 
PvG9 Cytochrome P450.1 108359-
111035 
497 +/+ Medtr5g007460.1 5 11311766-
133659 
479 +/+ 
PvG10 Cytochrome P450-2 114043-
115977 
498 +/+ Medtr5g007460.1 5 11311766-
133659 
479 +/+ 
PvG11 Uncharacterised Protein 117891-
118502 





PvG12 Unknown Protein 119344-
119613 
90 +/+ Medtr4g113200.1 4 38653553-
38659081 
876 +/+ 
PvG13 Squalene Epoxidase 130031-
134460 
556 +/- Medtr4g092640.1 4 31797672-
31801631 
525 +/- 
PvG14 Chalcone synthase 144607-
146146 
384 +/+ Medtr7g084300.1 7 25085380-
25087531 
391 +/- 
PvG15 Hypothetical Protein 155041-
155733 
231 +/+ Medtr4g038660.1 4 12147449-
12149686 
745 +/+ 




725 +/+ Medtr3g087980.1 3 29161083-
29170645 
702 +/+ 
PvG17 Uncharacterised Protein 171165-
173990 
220 +/+ Medtr3g088010.1 3 29178112-
29180141 
220 +/+ 




521 +/+ Medtr1g030480.1 1 8890575-
8892901 
233 +/- 
PvG19 Uncharacterised Protein 189753-
190058 







374 +/- Medtr3g088610.1 3 29437092-
29441605 
413 +/- 
PvG21 Zinc Finger Protein 199632-
201671 
367 +/+ Medtr8g017210.1 8 3637681-
3640060 
517 +/- 
PvG22 Uncharacterised Protein 214537-
215577 
162 +/+ Medtr8g017180.1 8 3623684-
3627972 
196 +/- 











501 +/- Medtr8g017080.1 8 3589534-
3596053 
576 +/+ 
PvG25 Hypothetical Protein 237212-
238163 
289 +/+ Medtr4g052100.1 4 15545727-
15551605 
803 +/- 
PvG26 Peroxidase 16 241990-
245513 
319 +/- Medtr4g127670.1 4 44452564-
44454240 
323 +/+ 
PvG27 Villin-4-like Actin 255862- 1064 +/- Medtr2g036860.1 2 13356706- 981 +/- 
156 
 
Binding Protein 267978 13367531 












542 +/- Medtr2g094180.1 2 29162078-
29166154 
564 +/- 
PvG30 Uncharacterised Protein 294637-
301241 
949 +/- Medtr5g098980.1 5 42302962-
42306877 
774 +/- 









352 +/+ Medtr2g061140.1 2 19288663-
19289949 
428 +/- 




596 +/- Medtr5g026890.1 5 10868938-
10877058 
1723 +/+ 




597 +/+ Medtr1g095710.1 1 27468770-
27478574 
1001 +/- 




106 +/+      
PvG36 Aldehyde dehydrogenase 
family 3 member H1-like 
348276-
353864 
493 +/+ Medtr3g088150.1 3 29252833-
29256950 
495 +/- 




358 +/+ Medtr8g094590.1 8 27299204-
27302681 
435 +/- 
PvG38 Ubiquitin Protein Ligase 364431-
373537 
2119 +/- Medtr8g091470 8 25737476-
25746785 
2186 +/- 




290 +/- Medtr3g088110.1 3 29236679-
29239067 
288 +/+ 




544 +/- Medtr3g088440.1 3 29343080-
29347956 
531 +/+ 




89 +/- Medtr3g064880.1 3 20610052-
20611569 
505 +/+ 




PvG43 Amino Acid Permease 2 420331-
423218 
485 +/+ Medtr8g094290.1 8 27182065-
27184752 
475 +/+ 
PvG44 Integrase catalytic region 










PvG45 NAD Kinase 2 435960-
441784 





309 +/+ Medtr1g038300.1 1 10048097-
10051263 
232 +/- 
PvG47 Uncharacterised  WW 
domain containing protein 
458737-
465809 







546 +/- Medtr2g094070.1 2 29103758-
29113859 
2260 +/+ 
PvG49 Glo Protein 481859-
486579 
























Table 6.4: Homologous genes identified in Oryza sativa. Results of BLASTP searches, using translated Primula vulgaris queries to search the 
Phytozome database and identify homologous genes from Oryza sativa. 
 Primula vulgaris Oryza sativa 
Gene # Identity Location Length 
(AA) 
Orientation Locus Name Chromosome Location Length 
(AA) 
Orientation 
PvG1 ARS Binding Protein 5216-
8428 
83 +/+      
PvG2 SLL1 Protein 24498-
24686 







567 +/- Os02g34560.1 2 20717887-
20721920 
562 +/- 













409 +/+ Os04g35290.1 4 21462033-
21465044 
423 +/- 




419 +/- Os08g01360.2 8 228215-
232453 
495 +/+ 
PvG7 Predicted Protein 79379-
80266 
296 +/- Os03g59200.1 3 33711473-
33713619 
291 +/+ 




709 +/+ Os07g38530 7 23145979-
23149609 
704 +/+ 
PvG9 Cytochrome P450.1 108359-
111035 
497 +/+ Os03g14400.1 3 7831876-
7833791 
501 +/- 
PvG10 Cytochrome P450-2 114043-
115977 
498 +/+ Os03g14400.1 3 7831876-
7833791 
501 +/- 
PvG11 Uncharacterised Protein 117891-
118502 
204 +/+ Os02g34640.1 2 20776247-
20777086 
216 +/+ 
PvG12 Unknown Protein 119344-
119613 





PvG13 Squalene Epoxidase 130031-
134460 
556 +/- Os03g12900.1 3 6950465-
6956156 
582 +/- 





384 +/+ Os11g32650.1 11 19277557-
19281016 
398 +/- 











725 +/+ Os12g07110.1 12 3483864-
3489371 
698 +/+ 
PvG17 Uncharacterised Protein 171165-
173990 
220 +/+ Os04g59420.2 4 35327019-
35328615 
227 +/+ 




521 +/+ Os10g41780.1 10 2248218-
22486537 
541 +/- 
PvG19 Uncharacterised Protein 189753-
190058 







374 +/- Os06g49110.1 6 29757045-
29761643 
426 +/- 
PvG21 Zinc Finger Protein 199632-
201671 
367 +/+ Os03g10140.1 3 5134268-
5137506 
552 +/+ 
PvG22 Uncharacterised Protein 214537-
215577 
162 +/+ Os01g31629 1 17309304-
17325760 
152 +/- 











501 +/- Os05g46290.1 5 26835671-
26840314 
581 +/- 







PvG26 Peroxidase 16 241990-
245513 
319 +/- Os07g02440.1 7 838070-
841354 
330 +/+ 




















542 +/- Os11g09280.1 11 4971248-
4975064 
512 +/- 
PvG30 Uncharacterised Protein 294637-
301241 
949 +/- Os05g35070.1 5 20816584-
20820780 
872 +/- 









352 +/+ Os05g51520.1 5 29545098-
29546798 
423 +/- 




596 +/- Os11g03360.1 11 1261956-
1267499 
520 +/- 




597 +/+ Os11g36790.1 11 21719330-
21724206 
1120 +/+ 




106 +/+ Os02g01490.1 2 279583-
285795 
1514 +/+ 
PvG36 Aldehyde dehydrogenase 
family 3 member H1-like 
348276-
353864 
493 +/+ Os11g08300.1 11 4375281-
4380044 
482 +/+ 




358 +/+ Os12g07780.1 12 3932455-
3935990 
451 +/+ 
PvG38 Ubiquitin Protein Ligase 364431-
373537 
2119 +/- Os11g08090.1 11 4233460-
4243344 
2117 +/+ 




290 +/- Os01g66120.1 1 38398517-
38401533 
303 +/- 




544 +/- Os07g15370.1 7 8871436-
8878905 
538 +/- 









389 +/+ Os01g13260.1 1 7389342-
7393708 
508 +/- 




PvG44 Integrase catalytic region 






















309 +/+ Os02g07430.1 2 3833129-
3837135 
260 +/- 
PvG47 Uncharacterised  WW 
domain containing protein 
458737-
465809 












PvG49 Glo Protein 481859-
486579 

























6.2.2 Mapping the loci of homologous genes 
The location data recorded in Tables 6.1 – 6.4, made it possible to identify the region 
of the genome where each subject gene was located. Using these data, the 
homologous genes identified through BLASTP searches were represented in 
chromosomal maps, according to their locations within the subject genomes. Figure 
6.2 shows the positions of the genes identified through BLASTP searches of the 
TAIR database within the Arabidopsis genome. In Figure 6.2, genes are represented 
by blue or red bars according to their orientation within the query or subject 
genomes. Genes represented in blue are in the 5’ to 3’ orientation whereas those in 
red are in the 3’ to 5’ orientation. The assembled P. vulgaris sequence is represented 
as a single bar at the top and the width of each band within this is in proportion to the 
length of the genomic sequences predicted for each gene in Chapter 5. Figure 6.2a) 
shows the spread of the subject genes throughout the Arabidopsis genome. In Figure 
6.2b) lines connect the subject genes to the Primula query genes used to identify 
them within the TAIR database. Figures 6.3, 6.4 and 6.5 represent the same data for 
S. lycopersicum, M. truncatula and O. sativa respectively. In these figures, some 
genes within the Primula contig are represented by green or purple bands. In these 
instances, purple bands represent genes for which no homologue was identified. 
Green bands denote genes that identified subjects outside of the main chromosomes, 
such as ChrUn and ChrSy in O. sativa, discussed in 6.4.4 (Ouyang et al., 2007), or 
the Mitochondrial genome. In each figure, numbers denote the number of base pairs 
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Arabidopsis 
thaliana 
Figure 6.2: Locations of homologous genes in A. thaliana. Blue bars indicate genes in 5’-3’ orientation and red indicates 3’-5’.  a) The positions of homologous 
genes to those identified from the Primula contig in Arabidopsis thaliana. Numbers denote number of basepairs in chromosomes. b) Lines link the genes from 




























Figure 6.3: Locations of homologous genes in S. lycopersicum. Blue bars indicate genes in 5’-3’ orientation and red indicates 3’-5’.   a) The positions 
of homologous genes to those identified from the Primula contig in Solanum lycopersicum. b) Lines link the genes from the Primula contig to their 










































Figure 6.4: Locations of homologous genes in M. truncatula. Blue bars indicate genes in 5’-3’ orientation and red indicates 3’-5’.   a) The positions of 
homologous genes to those identified from the Primula contig in Medicago truncatula. Numbers denote number of base pairs in chromosomes. b) 























Figure 6.5: Locations of homologous genes in O.sativa. Blue bars indicate genes in 5’-3’ orientation and red indicates 3’-5’.   a) The positions of homologous genes to 
those identified from the Primula contig in Oryza sativa. Numbers denote number of base pairs in chromosomes. b) Lines link the genes from the Primula contig to 





6.3.1 Synteny between P. vulgaris and A. thaliana 
Table 6.1 shows that all of the Primula queries used to search the TAIR database 
successfully identified homologues within Arabidopsis, with only four genes failing 
to find strong matches (PvG25, PvG 31, PvG44 and PvG48). Interestingly, two of 
these four genes, PvG25 and PvG48, identified the same gene within Arabidopsis, 
though closer inspection of the subject gene reveal that it encodes a retrotransposon 
polyprotein. One further gene of note is PvG15, a hypothetical protein predicted by 
the NCBI database, which identified a match from the Arabidopsis mitochondrial 
genome. Therefore, the presence of this gene within the assembled Primula contig 
suggests that it has transitioned between the chromosomes and the mitochondrial 
genome of either Primula or Arabidopsis, in one direction or the other. 
When identifying Arabidopsis homologues for those genes identified within the 
Primula contig, it was also possible to identify the location of these genes within the 
Arabidopsis genome, using the data shown in Table 6.1. Figure 6.2 shows the 
distribution of these genes throughout the Arabidopsis genome and it can be seen in 
Figure 6.2a) that, although the genes are spread throughout the five Arabidopsis 
chromosomes, there is a clear concentration of genes within Chromosome 1.  
When the original Primula query genes are linked to their homologues, as in Figure 
6.2b), another interesting result is highlighted. When taken in order from the 5’ end 
of the Primula contig (from left to right), many genes do not, at first, show any 
particular degree of preservation in terms of gene order, with genes found next to 
each other in Primula located on different chromosomes in Arabidopsis. However, 
Figure 6.2b) shows that, across the assembled P. vulgaris sequence, there are a 
number of genes, that are close to each other in both species. 
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These groups of genes, found close together in both species, are shown more clearly 
in Figure 6.6. In this figure, it is possible to see clearly the clusters of genes located 
close to each other along Arabidopsis Chromosome 1 and the position of their 
Primula homologues along the assembled contig. Figure 6.6a) shows the first such 
cluster, containing 5 genes (PvG4, PvG11, PvG17, PvG29, PvG30 and PvG45); the 
identities of which can be seen in Table 6.1. Most of these genes are not immediately 
next to each other along the Primula contig, however their close proximity to each 
other is still remarkable. In particular, PvG29 and PvG30, found next to each other in 
Primula and within 700 bases of each other in Arabidopsis.  
A similar cluster of genes can be seen in Figure 6.6b). In this example, PvG18, 
PvG19, PvG36, PvG37 and PvG42 are shown to be clustered together on 
Arabidopsis Chromosome 1. Similar to the cluster shown in Figure 6.6a), this cluster 
contains genes that are located directly next to each other in Primula though, in this 
example, there are two such pairs of genes; PvG18 /19 and PvG36/37. 
Figures 6.6c) and 6.6d) again show clusters of genes that are in close proximity to 
each other in both Primula and Arabidopsis, though in smaller numbers. Figure 6.6c) 
shows a cluster of three genes; PvG2, PvG6 and PvG39, and Figure 6.6d) shows the 
three genes PvG16, PvG38 and PvG43 clustered together on Chromosome 1. 
Although none of the genes identified in these clustered are immediately adjacent to 
each other in Primula, it must be taken into consideration that the assembled contig 
represents a very small region relative to the entire Primula genome and, as such, 
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Figure 6.6: Positions of genes found in close proximity in both P. vulgaris and A. thaliana.. a) to d) show 
individual clusters of genes found together in both species. 
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Given the large divergence between the Brassicaceae and Primulaceae, it is 
intriguing to find that so many genes, taken from such a small sample of the P. 
vulgaris, genome can also be found so close together within the Arabidopsis 
genome. In particular, the presence of all of the gene clusters shown in Figure 6.6 
within the same chromosome of Arabidopsis suggests a particular conservation of 
this specific region. Whilst the gene order may be significantly different in some 
areas, with a number of adjacent genes from Primula finding homologues on 
different chromosomes of Arabidopsis, there is clear evidence that specific lengths of 
sequence have been conserved by both species during evolution.  
 
6.3.2 Synteny between P. vulgaris and S. lycopersicum 
Table 6.2 shows that all but one of the Primula genes identified within the assembled 
contig were able to find homologues within the S. lycopersicum genome. The 
exception to this was PvG1, which encodes an ARS (autonomously replicating 
sequence) Binding Protein. Many of the subject genes identified in Table 6.2 also 
show strong levels of homology to the Primula queries used to search the Phytozome 
database. This is unsurprising, given the relative proximity of the two species within 
the phylogenetic tree of the Core Eudicots shown in Figure 6.1. However, in light of 
this, the absence of a Solanum form of PvG1, as determined by sequence homology, 
is perhaps significant. Tables 6.1 and 6.3 show that homologues of PvG1 were 
identified in both Arabidopsis and Medicago, suggesting that it is a gene that has 
been lost by Solanum, and perhaps other Solanaceae, rather than one that has been 
gained by Primula. Another interesting result highlighted in Table 6.2 is that both 
PvG7 and PvG8 identified the same gene in the S. lycopersicum database. It is 
unknown whether this gene was duplicated within Primula or if one gene was lost 
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from Solanum, but both of these instances suggest a level of redundancy within the 
Primula genome. 
Figure 6.3 uses the location data recorded in Table 6.2 to provide a graphic 
representation of the distribution of PvG1-51 homologues throughout the S. 
lycopersicum genome. Similar to the pattern seen in Arabidopsis, Figure 6.3a) shows 
that the identified Solanum genes are found dispersed throughout the genome, 
though, in this instance, no homologue was identified on Chromosome 5. However, 
despite this spread, Figure 6.3a) also shows that the majority of the genes can be 
found very close to each other, with only a small number being found on their own. 
Whilst those on their own are spread out and dispersed across the chromosomes, 
many of the Solanum homologues identified are in tight clusters such as those seen 
on Chromosome 6 and Chromosome 11. Given the relatively small size of the 
Primula contig in comparison to the Solanum genome, this is already remarkable as 
it suggests that any redistribution of genes in the separate evolutions of the two 
species has preserved the same clusters of genes. Furthermore, Figure 6.3b), in 
which the identified homologues are shown in relation to the original Primula  
genes, shows that many of the same genes are found clustered together in both 
species.  
The genes that have been found in close proximity to each other in both species are 
shown more clearly in Figure 6.7, which highlights the positions of these genes in 
both Primula and Solanum. In Figure 6.7a) to g), each of these groups of genes can 
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The first of these clusters is highlighted in Figure 6.7a), which shows the positions of 
homologues to PvG7 and PvG8. These two genes, identified next to each other in 
Primula and separated by 17,177 bp are also found in Chromosome 1 of Solanum, 42 
kb apart. This distance between the two genes in Solanum is significantly larger than 
that seen in Primula and the locus names of these genes, shown in Table 6.2, indicate 
that intervening genes can be found within this gap. As such, the smaller space 
between PvG7 and PvG8 in Primula suggests that these intervening genes have 
either been lost by Primula since the two species diverged. More likely explanations, 
Figure 6.7: Positions of genes found in close proximity in both P. vulgaris and S. 
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however, are that Solanum has either gained these extra genes in this time or that 
these intervening genes have moved into this region from elsewhere in the genome.  
In contrast to this, Figure 6.7b) shows two genes found closer together in Solanum 
than in Primula. In Primula, PvG21 and PvG24 are over 23 kb apart whereas their 
Solanum homologues are within 20 kb of each other. Furthermore, the locus names 
of the corresponding Solanum genes indicate that a single gene lies between the two 
Solanum homologues. Again, this suggests that either PvG22 or PvG23 has been 
gained by Primula but not Solanum. However, since these two successfully 
identified homologues within Solanum, this would imply either a reshuffling of these 
genes during the evolution of the two species, or some level of redundancy. 
Figure 6.7c) shows a similar scenario. In this figure, PvG50 and PvG51, which are 
located within 4 kb of each other at the very end of the Primula contig, each 
identified homologues on Chromosome 4 of Solanum. Although the two Solanum 
homologues appear close to each other in Figure 6.7c), they are in fact over 239 kb 
apart. Again, this distance suggests an increase in the gap between these two genes 
and an increase in the number of genes within this region of the Solanum genome. 
Figure 6.7d) shows the first of the larger clusters of genes identified, consisting of 
eight genes. The eight Primula genes identified in Figure 6.7d) (PvG19, PvG29, 
PvG30, PvG36, PvG39, PvG43, PvG45 and PvG49) are relatively close to each other 
within the Primula contig and Table 6.2 shows that many of them are also extremely 
close together within Chromosome 6 of Solanum. For example, PvG29 and PvG30, 
are within 3 kb of each other in Primula and within 1.5 kb of each other in Solanum, 




Further evidence for the preservation of gene order is provided in Figure 6.7e), 
which shows PvG2, PvG3, PvG6 and PvG11. Comparison between Figure 6.7d) and 
e) shows that this group of four genes (Figure 6.7e) is found in a similar position 
relative to the group of eight genes (Figure 6.7d) in both species. This, therefore, 
adds further support to the suggestion that this area has been conserved between the 
two species, even if the intervening genes between these two groups have either been 
lost or moved. 
The identification of two clusters of genes with a preserved gap between them in 
both species suggests an importance of both the clusters and the gap itself. It also 
poses not just the question of why these genes were conserved, but also why those 
genes between them were either lost or allowed to disperse within the genome. 
Similarly, it is unknown whether the two clusters were preserved separately or 
whether the region between them was also preserved at first but lost later. 
Figure 6.7f) and g) show a similar occurrence with homologues identified on 
Chromosome 11 of Solanum. In Figure 6.7f) PvG42, PvG46 and PvG47 are shown 
to have homologues clustered at the very start of Chromosome 11. Although PvG42 
lies slightly further from PvG46, Table 6.2 shows that PvG46 and PvG47 are 1964 
bp apart in Primula and 2123 bp apart in Solanum, a difference of just 159 bp. 
Similarly, Figure 6.7g) shows a cluster of genes further along Chromosome 11 
identified as homologues of the Primula genes PvG16, PvG38 and PvG40. Though 
these are not as closely positioned within the two contig as PvG46 and PvG47, the 
preservation of this gene cluster may still be seen as significant, particularly if 
viewed in conjunction with Figure 6.7f). Within the Primula contig, PvG16 remains 
isolated from the other genes highlighted in these two figures, whereas PvG38, 
PvG40, PvG42, PvG46 and PvG47 are all positioned relatively near to each other, 
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with 85 kb between PvG38 and PvG47. In contrast to this, over 8 mb lie between the 
homologues of these same two genes in Solanum. This suggests that the regions 
between these two groups of preserved genes have been lost. Additionally, when 
these results are compared with those shown in Figure 6.7d), it can be seen that the 
areas directly surrounding these genes has not been similarly conserved. For 
example, whilst PvG38 and PvG40 as well as PvG46 and PvG47 appear to show 
conservation between the two species, those genes around them such as PvG36, 
PvG43 and PvG45 appear to have been preserved separately, with homologues on 
chromosome 6 rather than chromosome 11. This observation raises questions about 
the manner in which these particular genes were preserved as the two species 
diverged. A number of pairs of genes have been preserved between the two species 
but they are mixed with other groups that have been preserved separately. As a 
result, it is unknown whether these genes originated on separate chromosomes before 
being condensed to a region near to each other in Primula or if, in fact, they have 
been dispersed within the Solanum genome as the species have evolved. 
The synteny observed between Primula and Solanum is significant as it demonstrates 
that the gene order observed in the assembled P. vulgaris contig has changed little 
since the species diverged from its common ancestor with Solanum. As discussed in 
6.1, this provides strong evidence to suggest that the genes in this region were 
already present before the key S locus genes converged within this area of the 
genome. Furthermore, the conserved gene order seen between Primula and Solanum 
provides extra evidence that the assembly of the P. vulgaris contig, as described in 





6.3.3 Synteny between P. vulgaris and M. truncatula 
Following the annotation of the genes identified within the assembled Primula 
vulgaris contig, homologous genes from Medicago truncatula were identified using 
the translated nucleotide sequences of the Primula genes as queries in BLASTP 
searches of the Phytozome database. The results of these searches, shown in Table 
6.3, show that the majority of Primula queries were able to identify homologues in 
Medicago, the only exception being PvG2. However, the absence of PvG2 within the 
Medicago genome is unsurprising given its identity as SLL1, a gene known to be 
tightly linked to the Primula vulgaris S-locus. With this exception, the results shown 
in Table 6.3 serve to demonstrate a high level of preservation of sequence homology 
between the two species. Also worthy of note are PvG9 and PvG10. As seen in S. 
lycopersicum, these two Cytochrome P450 genes identified the same homologue 
within Medicago truncatula though, as discussed in 6.3.2, the reason for is unknown. 
The data recorded in Table 6.3 is also represented graphically in Figure 6.4, which 
shows the distribution of the identified homologues throughout the M. truncatula 
genome. Figure 6.4a) shows that many of the homologues of PvG1-51 are dispersed 
widely throughout all eight M. truncatula chromosomes. This is a contrast to the 
results discussed in 6.3.1 and 6.3.2, in which clear concentrations of genes have been 
observed within one or two chromosomes. However, some clusters of genes, similar 
to those seen in Figure 6.2 and Figure 6.3, do exist and Figure 6.4b), in which the 
Medicago homologues are shown relative to the original Primula query genes, shows 
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Figure 6.8: Positions of genes found in close proximity in both P. vulgaris and M. truncatula. a) to f) show 





The first of these clusters is shown in Figure 6.8a) PvG18 and PvG19. These two 
genes, found under 800 bp apart in Primula mapped to homologues in Medicago 
over 17.5 kb apart, the locus names of each gene suggests that there are others 
between the two Medicago genes. As discussed for similar instances in S. 
lycopersicum in 6.3.2, the absence of these genes within the Primula contig suggests 
that they may have been lost from this region of the genome or gained by the other in 
the time since the two species diverged. 
Figure 6.8b) shows a similar occurrence, with two genes in close proximity on 
Chromosome 1 of Medicago displaying homology to two genes located next to each 
other in Primula. As in the case described above, these two genes are just over 17 kb 
apart in Primula whereas their homologues are over twice as far apart (36.2 kb) in 
Medicago. Further to this, the Locus Names of the two Medicago genes also suggest 
that more genes can be found between these two genes in this species that are not 
present within the Primula contig. 
The pair of genes shown in Figure 6.8c) represents a different pattern to those 
already described. In Figure 6.8c), PvG29 and PvG48, two genes over 182 kb apart 
in Primula, are shown to have homologues in Medicago that are under 49 kb apart. 
This pattern of distribution is directly opposite to those genes highlighted in Figures 
6.8a) and b) in the Medicago homologues are further apart than the original Primula 
queries. As in similar examples discussed already, it is difficult to tell whether these 
two genes have diverged within Primula, or have converged in Medicago. However, 
it is clear that they have not been preserved between the two species to the same 
extent as those shown elsewhere in Figure 6.8. Despite this, it cannot be said that 
they have not been subject to some level of conservation. Although the two Primula 
genes appear relatively distant within the assembled Primula contig in the figure, the 
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scale of the Figure 6.8 must be considered, especially in relation to the size of the 
Medicago chromosomes shown. Therefore, within the Primula genome, PvG29 and 
PvG48 can still be considered close neighbours.  
Figure 6.8d) shows the largest of the gene clusters identified for M. truncatula. 
Interestingly, this figure shows that the original six Primula genes used to identify 
those in Medicago are found in two groups of three genes, with the first (PvG16, 
PvG17 and PvG20) over 15.4 kb apart from the second group (PvG36, PvG39 and 
PvG40). The gap between these two groups of Primula genes raises the same 
questions discussed above for Figure 6.8c), and it remains unclear whether the two 
groups have been separated in Primula or have converged in Medicago. Further 
inspection of Figure 6.8d) also shows that the Medicago homologues do not show 
the same order as the original Primula query genes. Whilst PG16 and PvG17 are 
found next to each other in Primula and very close together in Medicago, the genes 
shown adjacent to PvG17 in the Figure 6.8d) is PvG40, with the Medicago form of 
PvG20 at the 3’ end of the cluster. This change in order suggest that, although the 
genes have stayed in close proximity to each other in both species, certain pairs of 
genes within the group have been allowed some level of movement. Particular 
examples of these are PvG16 and PvG17, which have remained within 7.5 kb of each 
other in both species. Other interesting examples are PvG36 and PvG39, found 
almost 30 kb apart in Primula, but identified within 14 kb of each other in Medicago. 




PvG39 and PvG40 have displayed the opposite action to that between PvG36 and 
PvG39, showing an increased distance between the two genes in Medicago 
compared to Primula. However, among the genes in Figure 6.8d), it is the movement 
of PvG20 relative to the others that is perhaps most interesting and it is unclear why 
this particular gene has changed its position within the order of the genes to the 
extent that it has. 
Figure 6.8e) shows the positions of three more genes (PvG21, PvG22 and PvG24) 
that are found in close proximity in both species, with 23,658 bp separating the three 
genes in Primula and 41,628 bp separating them in Medicago. Although these three 
genes were identified on Chromosome 8 of Medicago, the closest homologue of 
PvG23, found among these genes in Primula, was found on Chromosome 4. Again, 
it is unclear whether this gene was separated from the others as M. truncatula 
evolved or if it converged with PvG21, PvG22 and PvG24 in the evolution of P. 
vulgaris. However, the point of note for this cluster, as well as for that shown in 
Figure 6.8f), is that the order of the genes has been reversed between the two species. 
In Figure 6.8f), PvG37 and PvG43 are shown in relation to their Medicago 
homologues, identified on Chromosome 8, with the two genes found in the opposite 
order when the chromosome is read in the same direction as the assembled Primula 
sequence. The reason for this change in order is unclear, though the discovery of 
both clusters in Figure 6.8e) and f), suggests that the genes have been preserved as a 







6.3.4 Synteny between P. vulgaris and O. sativa 
Similar to the results shown in Table 6.2, Table 6.4 shows that the majority of 
Primula query genes were able to identify homologues within O. sativa, with the 
sole exception of PvG1. The repeated absence of this gene is interesting, though the 
reason that a homologue could not be identified in either S. lycopersicum or O. sativa 
remains unknown. The discovery of a gene that is present in one species but not the 
other is not unexpected, given the large divergence between the two species within 
the plant kingdom. However this correlation between Solanum and Oryza is itself 
surprising, given that a homologue of PvG1 was identified in both Arabidopsis and 
Medicago, neither of which are particularly close relatives of Primula. Table 6.4 also 
shows that a number of Primula queries identified homologues outside of the 12 
main chromosomes of Oryza. These five genes, PvG4, PvG15, PvG25, PvG44 and 
PvG48 mapped to either an unanchored pseudomolecule used to represent 
unanchored BAC clones (ChrUn) or another pseudomolecule representing unmapped 
Syngenta sequences (ChrSy), as used by the Rice Genome Annotation Project 
(Ouyang et al., 2007). Of these five genes, the homologues of PvG4, PvG44 and 
PvG48 mapped to ChrUn while PvG15 and PvG25 mapped to ChrSy.  
As seen in M. truncatula and S. lycopersicum, Table 6.4 shows that PvG9 and 
PvG10, two Cytochrome P450 genes, identified the same subject in O. sativa. As 
discussed in 6.3.2, the source of this apparent redundancy within the Primula 
genome is unclear, and it is unknown whether it is the result of a duplication of the 
gene within Primula or a loss of the gene within Oryza. 
With the exception of PvG1, the results presented in Table 6.4 show that there has 
been a high level of sequence homology between Primula and Oryza, despite the 
distant relationship between the two species.  
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Figure 6.5 shows the distribution of the genes and homologues described in Table 
6.4 throughout the assembled Primula vulgaris contig and the 12 Oryza sativa 
chromosomes. As can be seen clearly in Figure 6.5a), homologues were identified on 
11 of the 12 Oryza chromosomes, with Chromosome 9 the only example on which 
no homologues were identified. The figure also shows that many of the homologues 
are relatively isolated, with large physical distances between the next highlighted 
gene. Although there are some instances of genes near to each other, these are often 
found with only one other gene nearby. This wide spread of genes throughout the 
genome serves to emphasise examples, such as on Chromosome 11, where genes 
have been identified close together, suggesting that some level of conservation in 
gene order has still occurred.  
Figure 6.5b) shows the relationship between the genes identified in Oryza and the 
Primula genes used to identify them, with lines linking homologous genes together. 
Homologues within the ChrUn and ChrSy pseudomolecules are not shown. With the 
these five genes and PvG1 (discussed above) excluded, Figure 6.5b) shows that no 
genes found immediately next to each other in Primula can also be found next to 
each other in Oryza. Interestingly, however, many genes found in close proximity to 
each other in Primula identified homologues on separate chromosomes of Oryza, 
demonstrating that the conservation of gene order between species it is not in fact as 
high as suggested by Figure 6.5a). 
As discussed above, a number of genes were observed near to each other in both 
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Figure 6.9a) shows the first such group of genes, identified within Chromosome 1 of 
O. sativa and containing two genes. These two genes, homologues of PvG39 and 
PvG40, are over 98 kb apart in Primula whereas they are within 75 kb of each other 
in Oryza. Additionally, the locus names for these homologues, shown in Table 6.4, 
suggest that there are a similar number of intervening genes between PvG39 and 
PvG40 in both species. Though Figure 6.9a) shows that the same genes found 
between PvG39 and PvG49 in Primula are not found between the two homologues 
in Oryza, this suggests that these two genes have been conserved relative to each 
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Figure 6.9: Positions of genes found in close proximity in both P. vulgaris and O. sativa. a) to e) show 
individual clusters of genes found together in both species. 
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different, almost 20 kb larger in Primula than in Oryza, but this can be considered a 
small change relative to the size of the two genomes, with Chromosome 1 of Oryza 
sativa over 43Mb long.  
Figure 6.9b) shows another instance of two genes found close to each other in both 
Primula and Oryza. PvG3 and PvG11 both identified homologues on Chromosome 2 
of O. sativa and, although these genes are over 80 kb apart in Primula, they are 
within 55 kb of each other in Oryza. As discussed above, although this represents a 
change in physical distance of over 25 kb, this can be considered to be small in 
relation to the overall size of the Oryza genome. Equally, reference to the locus 
names of both genes in Table 6.4 reveals that there remains a similar number of 
genes between PvG3 and PvG11 in both species. Although it is not clear if the 
distance between these two genes has increased in the evolution of Primula or 
decreased in that of Oryza, this suggests again that these two genes have been 
conserved relative to each other between the two species. 
Figure 6.9c) shows a third pair of genes located near to each other in both species. In 
contrast to those pairs shown in Figures 6.9a) and b) however, these two genes are 
found even closer together in both Primula and Oryza. Although PvG2 and PvG5 are 
separated by 34,152 bp in Primula, their Oryza homologues are found only 1441 bp 
apart and, further to this, the locus names shown in Table 6.4 suggest that they are, in 
fact, immediately next to each other in O. sativa. This is particularly remarkable as 
only two genes lie between the same genes in Primula, with one mapping to one of 
the Oryza pseudomolecules as opposed to another chromosome. 
The genes highlighted in Figure 6.9d) again show a similar pattern to others 
discussed already. In this instance, homologues PvG30 and PvG43, two genes over 
119 kb apart in Primula, have been identified under 36 kb apart within Chromosome 
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5 of O. sativa. Reference to the locus names of the O. sativa homologues PvG30 and 
PvG43 in Table 6.4 show that a similar number of genes lie between these two genes 
in both species, supporting the suggestion that these two genes have been conserved 
relative to each other but without any conservation of the genes between them. 
The final group of genes identified close to each other in both Oryza and Primula is 
shown in Figure 6.9e). In contrast to the pairs of genes shown in Figures 6.9a) to d), 
this group consists of four genes, making it the largest cluster of genes identified 
within O. sativa. However, closer inspection of Figure 6.9e) shows that this cluster 
in fact contains the pair of genes PvG36 and PvG38, which lie closely together, and 
the two genes PvG29 and PvG45, which are separated from both these first two 
genes and each other. Although, alone, PvG19 and PvG45 would not have been 
considered a ‘cluster’, they have been included as they are still close to each other 
relative to the large scale of the 29 mb Chromosome 11. Additionally, whilst PvG29 
and PvG45 appear distant within the assembled Primula contig, it must be taken into 
consideration that the entire 510 kb sequence represents a relatively small region of 
the entire P. vulgaris genome. As such, the identification of these four genes within 
145 kb of each other in Primula and within 398 kb of each other in Oryza can still be 
seen as significant. Within this group, the pair of PvG36 and PvG38 remains the 
most important, mapping to loci within 11 kb of each other in Primula and within 
132 kb of each other in Oryza. Unlike the examples discussed thus far, in which the 
number of intervening genes has remained similar in both species, the locus names 
of the genes, shown in Table 6.4, suggest a much greater number of intermediary 
genes in O. sativa. From the data available, it is unclear whether this is due to a loss 




6.3.5 Patterns of genetic distribution identified through syntenic mapping 
By using the 51 genes identified and annotated within the assembled P. vulgaris 
sequence as queries with which to search the genomes of different plant species, it 
has been possible to observe how gene order has been conserved between different 
plant species. Furthermore, it has also been possible to determine patterns in this 
conservation and to identify groups of genes that can be found clustered together in 
other species as well as in P. vulgaris.  
By selecting the species A. thaliana, S. lycopersicum, M. truncatula and O. sativa as 
species for comparison it has been possible to identify trends in the way that gene 
order has been conserved as the phylogenetic distance from P. vulgaris has 
increased. As the species that is the most closely related to P. vulgaris, belonging to 
the same clade within the Core Eudicots, S. lycopersicum showed the highest level of 
conservation of gene order. Although PvG1-51 identified homologues throughout 
the Solanum genome, there was a high concentration of homologues on 
Chromosome 6, with many of the same genes found very close to each other, if not 
immediately next to each other, in both species. This is significant as it demonstrates 
that much of the gene order observed in this region of the P. vulgaris genome existed 
before the Primulaceae and Solanaceae diverged from their common ancestor. As 
such, the Primula S locus must have converged within this region after the 
Primulaceae diverged to become a separate genus. 
Although a number of genes were found outside of the cluster seen on Chromosome 
5, less than one third of those identified were found away from any other, providing 
further evidence that the relatively close relationship between the two species had 
only allowed limited genetic redistribution.  
199 
 
Using Figure 6.1, alone, it is difficult to determine which of the four species 
investigated shows the second highest level of gene order conservation to P. 
vulgaris. However, through the syntenic mapping of genes PvG1-51, it can be seen 
that a greater conservation of gene order exists between P. vulgaris and A. thaliana 
than in M. truncatula. As seen in Figure 6.2, when homologues of Primula genes 
were identified and mapped in Arabidopsis, a number of them were found on 
Chromosome 1. Although some homologues were found on each of the other 
Arabidopsis chromosomes, there is a clear concentration of them in this single area. 
Further to this, many of the genes identified within these clusters, were found in 
similar clusters within the Primula sequence. Through comparison of Figure 6.2a) 
and Figure 6.3a), it is clear that the same level of conservation has not occurred in 
Arabidopsis as was seen in Solanum. Similarly, further comparison with Figure 6.4a) 
shows even less conservation of gene order between Primula and Medicago, and no 
clear concentration of genes is seen within a single chromosome. As such, this 
suggests the A. thaliana is more closely related to the Primulaceae than M. 
truncatula. 
The three species discussed so far show differing levels of synteny when compared 
to the assembled P. vulgaris sequence, typically demonstrating a larger change in 
gene order as the two species have become increasingly distant. However, S. 
lycopersicum, A. thaliana and M. truncatula remain relatively closely related to P. 
vulgaris within the plant kingdom. Mapping homologues identified in O.  sativa, a 
monocot species, has allowed for comparison with a much more distantly related 
species. Although a number of clusters of genes were identified and presented in 
6.3.4, the majority of these comprised of only two genes while the final cluster, 
though consisting of four genes, contained two that were far enough removed to be 
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considered isolated. Although each gene within these pairs appeared to maintain a 
similar relationship to its partner in both Primula and Oryza, the spread of other 
genes throughout the genome suggested that little conservation had occurred. As a 
result, and in contrast to the eudicot species discussed, any preservation of gene 
order between Oryza and Primula appears to be due to mechanisms specific to pairs 
of genes, as opposed to a wider conservation that also included their surroundings.  
The results discussed in this chapter shed light on the distribution of 51 genes 
adjacent to the P. vulgaris S locus. In particular, they demonstrate that the genes in 
this region can also be found in a similar order in other species. As the phylogenetic 
distance between P. vulgaris and other species grows, the level of conservation seen 
diminishes. Significantly, a particularly high level of conservation exists in the order 
of these genes between Primula and Solanum. This synteny between the two species 
shows that the gene order described in Chapter 5 must have existed prior to the 
divergence of the Primulaceae and the Solanaceae from a common ancestor. 
Consequently, this gene order must also have existed before G, P and A, the key 
genes of the S locus, settled in this region; a discovery that will play a significant 












General Discussion and Conclusions 
 
7.1 General Discussion and Conclusions 
There are a number of other species, both plant and animal, which demonstrate tight 
linkage between multiple loci. ‘Supergenes’ such as these are commonly found on 
sex chromosomes but a number of autosomal supergenes have also been 
documented, each demonstrating restricted levels of recombination (Lewis, 1942; 
Charlesworth, 1996; Schwander et al., 2014). Examples of these include supergenes 
regulating Batesian mimicry in butterflies, plumage polymorphisms in Zonotrichia 
albicollis (white-throated sparrow) and shell colour in snails, as well as 
heteromorphic self-incompatibility systems like that seen in Primula species 
(Murray and Clarke, 1976; Joron et al., 2006; Thomas et al., 2008; Schwander et al., 
2014). 
Furthermore, it has also been demonstrated that certain areas, such as those near to 
centromeres, also show low levels of recombination and closer inspection of many 
supergene loci has shown that they are often located in this region (Nachman, 2002; 
Schwander et al., 2014). As the distance from these regions increases, the genome 
becomes more exposed to recombination. As a result, the areas immediately 
surrounding these protected regions are of great interest, in particular when 
examining the genes that are located there. Whilst McCubbin and Kao (1999) have 
stated that, in order for an S locus in any species to be functional, recombination 
must be suppressed, this is seen to differing degrees. In Brassicaceae, it has been 
shown that although the region immediately surrounding the S locus may be highly 
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polymorphic, the region between SLG and SRK (the female determinant) is strictly 
protected from recombination (Casselman et al., 2000; Shiba et al., 2003). Similarly, 
it has long been demonstrated that a very low rate of recombination exists within the 
S locus of Solanaceae species (Clark and Kao, 1991).  
Heteromorphic species such as Primula vulgaris often demonstrate a tight link 
between heteromorphy and self-incompatibility, adding an extra layer of complexity 
to that which is seen in monomorphic self-incompatible species. As such, this 
conserved region of the genome, strictly protected against recombination is all the 
more interesting and, subsequently, so is the region surrounding it. The work 
described in this thesis has provided an important insight into this region 
immediately adjacent to the P. vulgaris S locus, successfully meeting the majority of 
aims set out in 1.8. 
The initial aim of this project was to assemble a single contiguous sequence that 
could connect a number of genetic markers located on the A side of the S locus. The 
initial approach taken to this was to use sequence data from the P. vulgaris var. Blue 
Jeans BAC library to construct a sequence that joined the two markers PvSLP1 and 
PvGLO. However, in order to generate a sequence that could be used reliably, it was 
important to use BACs that had all been derived from the same allele of the S locus. 
Chapter 3 describes the steps taken in the attempt to determine which BAC had been 
derived from each allele.  
As discussed in 3.3, analysis of key BACs that would serve to provide a link 
between the two genetic markers generated mixed results. Although some BACs, 
such as 81B15, could be confidently attributed to the Thrum allele through the 
presence of the Thrum specific marker PvSLP1 as well as Thrum specific restriction 
sites, others could not be so easily assigned. For example the opposing ends of the 
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BAC 28O8 demonstrated homology to different alleles, suggesting that a 
recombination event had occurred within the region covered by the BAC. Further to 
this, data attained through the direct sequencing of PCR products conflicted with 
data attained through whole genome sequencing. As such, it was concluded that, 
although the BAC sequences could be used as a scaffold for the assembly of further 
sequence data, the BAC data itself would be unsuitable as a tool for the annotation of 
this regions, as any genes identified could not be attributed to either Pin or Thrum 
allele. 
As described in 4.2.1, the BAC sequence data was subsequently used in this way, 
generating a single contiguous sequence that connected the two genetic markers 
PvSLP1 and PvGLO in the P. vulgaris cv. Blue Jeans genome. Subsequently the 
availability of wild type genomic sequence data, sequenced and assembled 
concurrently with the work described above provided the further data necessary to 
expand on this. Genomic sequence contigs, sequenced from wild type Pin 
individuals, could then be assembled together using the already assembled BAC 
sequences as a scaffold (see 4.2.2). While this change in DNA source, from a 
cultivated variety to wild type, inevitably led to differences between the scaffold and 
the sequences assembled against it, it was an essential step to ensure that the 
subsequently assembled sequence was as a true a representation as possible of the P. 
vulgaris genome. Furthermore, as discussed in Chapter 4, the use of genomic 
sequence data allowed for a great expansion of the sequence already assembled. The 
increased coverage afforded by whole genome sequencing, as opposed to the contigs 
assembled through the sequencing of discreet BACs allowed the construction of a 
sequence that not only joined the two markers PvSLP1 and PvGlo, but also extended 
to include PvSLL1. As a result the assembled sequence that physically connected a 
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gene that was tightly linked to the Thrum allele of the S locus (PvSLL1) and one that 
was known to recombine with the locus (PvGLO).  
While this new sequence data provided a new insight into this region immediately 
adjacent to the S locus as per the first aim of this project outlined in 1.8, 
unfortunately it was not complete, with the sequence data instead assembled into 
three contigs that collectively spanned the region (named Seq1, Seq2 and Seq3). 
Although gaps remained between these three contigs, alignment of known BAC end 
sequence to Seq1, Seq2 and Seq3 revealed that the gaps between them were very 
small, according to the predicted lengths of the BAC ends used. As such, although it 
is thought that very little genomic data has remained unassembled within these gaps, 
it is hoped that the continued generation and assembly of genomic sequence data will 
help to bridge these and join the three sequences together.  
Once assembled, Seq1, Seq2 and Seq3 provided a unique opportunity to identify the 
genes that were located within this region of the P. vulgaris genome and the chance 
to meet the second aim of this project, as described in 1.8. A total of 51 genes, 
serving a variety of functions, were identified within this region. While some of 
these were previously known, such as PvG2 (PvSLL1) and PvG49 (PvGLO), the 
majority of these were identified within P. vulgaris for the first time. As stated in 
1.8, it was hoped that the annotation of the genes in this region would aid in the 
identification of sepaloid, especially as linkage data (such as that shown in Figure 
1.5) suggested that it might be located in this area. However,, no reliable candidates 
were identified and the possibility that sepaloid is located in a different region of the 
genome must be considered. 
The final aim of this project was to use the annotations discussed above in order to 
examine synteny between this region of the P. vulgaris genome and those of other 
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plant species. Through the identification of homologues of PvG1-51 on the 
comparison species A. thaliana, S. lycopersicum, M. truncatula and O. sativa, each 
of the genes annotated in Chapter 5 were successfully mapped across these four 
species. The levels of synteny observed between these species and P. vulgaris was 
intriguing, particularly in S. lycopersicum, in which a very high level of gene order 
preservation was seen. This was of particular interest as it suggests that this gene 
order seen in P. vulgaris must have existed prior to the divergence of these two 
species and, subsequently the formation of the S locus. This conclusion is of great 
import as it provides an insight into the age and evolution of the locus as work 


















 Appendix A 
 
Details of all primers used, including primer sequence and the melting temperature (Tm) as 
determined by the manufacturer. All primers were synthesised by Eurofins MWG Operon.  
Chapter 2 
The following primers were used to amplify and sequence inserts from plasmids generated 
using the Promega pGEM-T Easy Vector System. 
Primer Name Primer Sequence Tm (C) 
SP6 TATTTAGGTGACACTATAG 42 
T7 TAATACGACTCACTATAGGG 43 
 
Chapter 3 
The following primers were used to amplify the BAC end sequences from each BAC. 
Primer 
Name 
BAC End Primer Sequence Tm (C) 
6K4.RF 6K4 R AAATCACACAGTGGCCCTTTA 59.5 
6K4.RR 6K4 R CCTATTTGCGCATTTTTGGT 60.0 
60I18.FF 60I18 F GGAAACGAAGGTTTGCTCTG 59.9 
60I18.FR 69I18 F CAACCCAAAAGGTGTAGTTGG 59.4 
71C24.FF 71C24 F GTGAAGGGTTTGCACTTGCT 60.3 
71C24.FR 71C24 F CCTTTCGAAAAGTGGTCCAA 60.1 
28D21.FF 28D21 F GCGGCGGGTAACTTTGATA 61.0 
28D21.FR 28D21 F TGAGCTTATGAGTTTGCGAAAG 59.7 
20E12.FF 20E12 F TTTTGGGCATTGTTTTTCAA 59.0 
20E12.FR 20E12 F AAGGGGATGCATAGTTGCAC 60.0 
65K20.RF 65K20 R AAAGGCACTGATACGGGATG 60.0 
65K20.RR 65K20 R ATGAAGGTTGATTGCGTTCC 59.9 
51M17.FF 51M17 F ATTGCGTTCCGTATTGGTTC 59.8 
51M17.FR 51M17 F ATTTGTTTGGTGGTGGTGGT 60.0 
81B15.FF 81B15 F GCGGGAAGTAGTGGAACAAA 60.1 
81B15.FR 81B15 F CAATCTGAGCCGTGGTTACA 59.7 
81B15.RF 81B15 R GGTGCAAAAGCAAAAGCACT 60.4 
81B15.RR 81B15 R ACAAACTTGGTTGGGCAAAT 59.3 
46P3.FF 46P3 F TCGGGAGGCTGAAAATTGTA 60.6 
46P3.FR 46P3 F CCATAAACTACGTGATTTACTTTTGAA 59.1 
46P3.RF 46P3 R TTTATAACTAACGGGGCCACA 59.4 
46P3.RR 46P3 R TCTGATTCCGTCACTGGATG 59.6 
9B24.FF 9B24 F ACCCAATGTGCTGGAAAGTC 60.0 
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9B24.FR 9B24 F AACAAAGCCAACGGTTCAAG 60.1 
9B24.RF 9B24 R ATGACGAGGCGGATACTGAC 60.1 
9B24.RR 9B24 R ACGACTGGTGTGAACGGAAT 60.4 
28O8.FF 28O8 F AGGGAGGAGGCTTTGACACT 60.3 
28O8.FR 28O8 F AAAAGAAAAACCCACGCAAA 59.6 
28O8.RF 28O8 R CGACCAAATATGGTGGCTCT 60.0 
28O8.RR 28O8 R GGGATGAGTCTCCAAAGCAG 59.8 
 
Chapter 4 






Primer Sequence Tm 
(C) 
2A4R1 81B15 4 CCGGATTTTAGGGTTTTGCT 55.3 
2A7F1 81B15 7 GGAGCTACAGGTCCGAACAC 61.4 
2A9R1 81B15 9 TGCATGTGGGTGAATATTTAGA 54.7 
2A9F1 81B15 9 GCGAAACGAGACTGTCATTG 57.3 
2B1R1 46P3 1 ATTTTCAGCCTCCCGATCA 54.5 
2B2R1 46P3 2 TCGAGCCATATTATTTTCCTGT 54.7 
2B4R1 46P3 4 AGAATGCTGAAGTGGGCTGT 57.3 
2B4F1 46P3 4 CAGATTTGTTCTTGCTTTTTGG 54.7 
2B6F1 46P3 6 TCAAGCCAACGATGCATAAC 55.3 
2B6R1 46P3 6 TGTGACTGGTGCTTGTTTGG 57.3 
2B7F1 46P3 7 TGTGACTGAAATCAGTAGAGAGAGAGA 61.9 
2B7R1 46P3 7 AATAAAAATGTCAAAATCCAAAAGA 51.5 
2B11F1 46P3 11 CCAATTTCAATTCCAATGCAC 54.0 
2B11R1 46P3 11 TCTGGAAAATAATCGACACTGC 56.5 
2C10R1 9B24 10 CACAGCAAGTTGGGATCGTA 59.7 
2C11F1 9B24 11 TTTTGCGTTTTCGGATTTTT 49.1 
4A1F1 28O8 1 GCACCTTGTCCCTTCTACCA 59.3 
4A1R1 28O8 1 TCACATATCACCAACGACTGC 57.9 
4A2F1 28O8 2 GCTTGTGGGGATTTAATGTGA 55.9 
4A3F1 28O8 3 CCCTCATGGAGACTGCACTT 59.4 
4A3R1 28O8 3 CAATGTACTTGGGCACCTGA 57.3 
4A4R1 28O8 4 AGCGTTCTTATGGAGCAGTTG 57.9 
4A7F1 28O8 7 ACCCGCAGCGAATGATAGTA 57.3 
4A7R1 28O8 7 CCGGTTTTGTAGACCAACCA 57.3 
4A9F1 28O8 9 TTGAACCTTAACTCTTTTCTGCCTA 58.1 
4A9R1 28O8 9 CTGGCTTCTTGCGAAAACAT 55.3 
4A11F1 28O8 11 TTTTTGCCAGTTTTGTGACC 53.2 













Gene F/R Sequence Tm (
o
C) 
PGP1.F PvG1 F CAAACATACAGCACGGGAAA 59.6 
PGP1.R PvG1 R GAGCGTCATATGCAGTGGAA 59.8 
PGP2.F PvG2 F CGTGGTCATATTCCAGCAAA 59.5 
PGP2.R PvG2 R TCTGCACACAAACACAAAAGAA 59.4 
PGP3.F PvG3 F AAGACGTAACTCGGCAAAGC 59.5 
PGP3.R PvG3 R TTTGGGAATGATATCCCTTGA 59.2 
PGP4.F PvG4 F TGATTTGAACTCTGGCGATG 59.8 
PGP4.R PvG4 R TGGTGTTCTGCATTTGCTTC 59.8 
PGP5.F PvG5 F CTCAAATCACGCGATTCCTC 60.7 
PGP5.R PvG5 R CTCGTGAACGCTAATTGCTC 58.7 
PGP6.F PvG6 F CCGGCACTCTTTAACTGGAA 60.2 
PGP6.R PvG6 R AGTGAGTCGGCATCGACTTT 59.9 
PGP7.F PvG7 F CTTGCTTGCACATTCGAGTC 59.6 
PGP7.R PvG7 R ACCTGATCCCGGTTTCTCTT 59.9 
PGP7.F PvG8 F AAAAGGTCCCAAACCACCTC 60.2 
PGP8.R PvG8 R CACAACAAAAAGGCAAGAAGG 59.8 
PGP9.F PvG9 F TATTGCTAAGGGGACGTTGC 60.1 
PGP9.R PvG9 R GGGTTCTAGCCAAAACAAGC 58.8 
PGP10.F PvG10 F TATTGCTAAGGCGAGGTTGC 60.4 
PGP10.R PvG10 R AAAACGCAACGAAAAACCAC 60 
PGP11.F PvG11 F CCAAGGTCGCGAAAACATAG 60.6 
PGP11.R PvG11 R AAGCAAGCATGATGCGATAA 59.4 
PGP12.F PvG12 F CAGTACTGCAGGTCGTGGTG 60.4 
PGP12.R PvG12 R TGGCTCATCTCTGGGAGGTA 60.8 
PGP13.F PvG13 F TCGGTTTTTCGGTTTCAGTC 60.1 
PGP13.R PvG13 R CCTGCAACTGTACCTGCGTA 59.9 
PGP14.F PvG14 F GGGTGTTTTGTTTGGGATTG 60.1 
PGP14.R PvG14 R TCCAATGACTGCAAATGGAA 60.0 
PGP15.F PvG15 F AATTGAAGATGGCGGAAATG 59.9 
PGP15.R PvG15 R GGGTTGTAACGGGTTGTGAC 60.1 
PGP16.F PvG16 F TCGGATGAACTTGCTCTCCT 60 
PGP16.R PvG16 R AGCCTTGGCCCAGTAAAAAT 60 
PGP17.F PvG17 F GTTGCCAATGGGTGGATAAG 60.2 
PGP17.R PvG17 R AATTTGCAAGTAATCGGTCACA 59.5 
PGP18.F PvG18 F GATGATAAATGGGGCAAACG 60.2 
PGP18.R PvG18 R TCACAGGGCAAAATCACAAA 60.1 
PGP19.F PvG19 F TTTGTGATTTTGCCCTGTGA 60.1 
PGP19.R PvG19 R TTCGGGGTTCAAGTTTTGTC 59.9 
PGP20.F PvG20 F GTTGACTTTTGGCCATCACC 60.4 
PGP20.R PvG20 R GCTGCCAGGTGCTTATATGG 60.6 
PGP21.F PvG21 F ATTGACCATGCCCAAGAATC 59.8 
PGP20.R PvG21 R TCAAATCGGAGCACTCAAAA 59.4 
PGP21.F PvG22 F GGATGTGATCGCCAAGTACA 59.5 
PGP22.R PvG22 R CGCACCCTAAAGAATAGTGGA 59.2 
PGP23.F PvG23 F CCAAAACTGAAAAGCTAACCAAA 59.7 
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PGP23.R PvG23 R GCCATCAAATGGAAATGGAA 60.6 
PGP24.F PvG24 F ACCCCAAGAAAAACAAGCATT 59.9 
PGP24.R PvG24 R TTCGGTTTGTGATCGTCAAG 59.7 
PGP25.F PvG25 F AGTGCGCTAAGAACCTCACC 59.5 
PGP25.R PvG25 R CAAGCTATGATTCTCTCGCAAC 59.1 
PGP26.F PvG26 F ACCACCGGTTCTGACTATGC 60.0 
PGP26.R PvG26 R CTAAGTTGGGTCGTGTTGGG 60.4 
PGP27.F PvG27 F GCTCACAACAAACCCTGACA 59.7 
PGP27.R PvG27 R AGTTTGGGATGCCGAAAATA 59.4 
PGP28.F PvG28 F TTAGGAGGGACCATCAATGC 59.9 
PGP28.R PvG28 R TGAGTGGTTGAGTGATAATCTGTT 57.8 
PGP29.F PvG29 F AAACCACAGGCTGATTTCCA 60.5 
PGP29.R PvG29 R CGATGGAGATCGTACCAAAGA 60.1 
PGP30.F PvG30 F TGCAAATGTCATTGCTGGAT 60.1 
PGP30.R PvG30 R CGGGTTTGATCCCAATTTTT 60.9 
PGP31.F PvG31 F CTCGGGAGCATATTCCCTTT 60.4 
PGP31.R PvG31 R AAAATCGCGCAGAAAAACAT 59.7 
PGP32.F PvG32 F AAAACGAGCCTCCGGAAC 60.2 
PGP32.R PvG32 R TGGGTGTTGTTTTGTGAGGA 60 
PGP33.F PvG33 F TGTGCAGTGTTGGAGAGTCC 59.9 
PGP33.R PvG33 R CTTCCTGAAAGAGCACCTCAA 59.6 
PGP34.F PvG34 F GTGTGCCCAAAATTGGCTAT 59.8 
PGP34.R PvG34 R CACTACTTCCCGCTTCCATT 59.2 
PGP35.F PvG35 F CAGTTTCGAACCGGTATAAGC 58.8 
PGP35.R PvG35 R TGATGGACAATGTCGGAGAA 60 
PGP36.F PvG36 F CCTCCCTACACACCCAAGAA 60 
PGP36.R PvG36 R TCCTTTCCTCCTCTTGTTTAGC 59 
PGP37.F PvG37 F ATTGCGGCAGGCTTTGTAG 61.3 
PGP37.R PvG37 R CCCTCTTCTTGAATGCACAA 58.8 
PGP38.F PvG38 F CCCTCATCTCTATAGCAACTCTTG 58.6 
PGP38.R PvG38 R TGCAACTCTTTCTCAAAAGCAA 60.2 
PGP39.F PvG39 F GCAGTAGCCAAATTGCAACA 59.9 
PGP39.R PvG39 R ATTTCGTCTCACCGTTCCAG 60.1 
PGP40.F PvG40 F CGGACTTGTCATGAGCTGAA 60 
PGP40.R PvG40 R GTCGTATCGGCATGGAAACT 60 
PGP41.F PvG41 F GGGAGCCACCAAAAACACTA 60 
PGP41.R PvG41 R CCAAGAAAAGCGGCAAAATA 60.2 
PGP42.F PvG42 F TCCTCCCTCTATACCGTTGG 59.0 
PGP42.R PvG42 R GGGATTGAGCATCCAAAATG 60.3 
PGP43.F PvG43 F AATCGTATGCGCCATTCAAG 61 
PGP43.R PvG43 R ATGGTAGCATGAGCGGGTAA 60.5 
PGP44.F PvG44 F CGATAGGCAATTAGCCGATATT 22 
PGP44.R PvG44 R TTTGATAGCCTCAGAATTTTTGAAT 25 
PGP45.F PvG45 F AAGTTGGCTTGAACGGGATT 60.9 
PGP45.R PvG45 R GGTTCCACAGCTTGATTCGT 60.1 
PGP46.F PvG46 F AACCTCCAAGACCCCAGTTC 603 
PGP46.R PvG46 R ACAATGTCCAGCAAGCTTCA 59.4 
PGP47.F PvG47 F CCCCTCACTTGTAACCCAAC 59.3 
PGP47.R PvG47 R AAAAACGCTGAAATGGCTTC 59.3 
PGP48.F PvG48 F AAGACAAGTGTTTTATCTGGATCAT 57.4 
PGP48.R PvG48 R TGGTATAGCTCGACACAGCA 58 
PGP49.F PvG49 F GGATATAGAAGGCGGGGAAA 60.2 
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PGP49.R PvG49 R AGGCATTGCGTAATCCGTA 59.2 
PGP50.F PvG50 F GGATTAGGGGTTTTCGGGTA 60 
PGP50.R PvG50 R CGGGAGTACTTGCAACAAAAA  60.2 
PGP51.F PvG51 F ACGCGAACAAGAGGAGTCAT 59.9 
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Sequence of the assembled Primula vulgaris contig. Sequence was constructed using 
genomic data from a Pin individual between the markers SLL1 and PvGLO 
 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Genomic DNA sequences of 51 genes identified within the assembled Primula 
vulgaris sequence. All sequences include 500bp at both 5’ and 3’ ends of gene. 
Exons are shown in red. Orientation of genes within the assembled sequence is also 
shown. 
 
PvG1 (+/+) 
ATTACACATCGATACATGCACTCATACGTAAAAACCCTAAAAGATCCACACTTCTTACAACTCCTCTC
GACGAAAAAGTATGAACGGTAGTAACTCTGCCAAGATACACTTGATCTTTGCTATTAATTGTCCAGGC
GTCGTACGTGTCAAGAGCGGAAGCTCTTTGTCATTTAAAGAAGATCCCACTGTTGTGACTAGTGATCT
AGTTTGGTGTGGAAAATATAGTAAAACTTTTATAAATTAATAATGTTGGTAGCATGAATATTTATTAA
TTTAGAAAGATATTAATTAATCGATCAATTAATAATTATTAATTTAAAGAGGTTTTTATTATTCAATA
AATATACTTGTTCATAACATAAATTAACTTATTATAATTATTAATAATATTCGCTAAAATTATTAGTA
AAGTCAAATACACTAATTCATCTAACCGTATATAAATTTTGTTACATATTAAACCGTTTAGCAAACTA
AAAATAGACATTGAATATCATTGAATGAAGCAGTACAACTCATTATTTAATCACATATAGAGCTTTTT
ATCAATACCATATATTTTTAAGGCAATAAGAAAAGTTAGAGATAAACTCCAAGTATATTTAAATTTTA
AGAAAAGACAAACGAATATAGAGTTATATTTCACTAAATCGTTCTACTAATATTAGTCATTAAAAATA
ATTATTAATTTATGTTTTCGTTGGAACCAAATACTTATATAAGCATTTTTCAAAAATTTATTATTTTA
TTAATTTATCGAAATTGATGAATTTTTACGGTAGTTCGAGTCGGGACCGAAAAAAATATTAATTTAAA
AAGTTTATTAATTTAGTGAGTAATAATTTATAGAGGTTCTGTATTAATGTAGATTTAAGTCTCATCAA
TTGGATTTATAATAGAACATGATGACTGTTTACAATAGTTCGCTACAGAAATAATTGTTGGGGGATTT
ATAAAACTGTTAAATAATGATACAGTCCATTCTTTGGCTACCACATGTTATGTCTCCGTTACAAAAAA
AATACTCAAATAGCGACGGGATTAGTGACGGTATTTTTTTTTTACGAGCTTATTAGCGACGGTTTTTG
TGACGGTTTTGTGACAGTTTAGTCAATTTGCGACAGATTTGTGACAACTTTTTAAATTGGTGACAGGC
TTGTGACATTTTTTAACTCTCATTAAATCAAACATTATTTTGTAGTGCTCGTTAACTATAAATGCTTC
CCATGTTGCTGCAAGTGCCTTAAAAAACGTTGCCAAGTCAGTCAGTCAGTCCACAAAAGAGCAAACCA
TCAATGTAACTGTTCCGTCAAATCGCAAGCTGAACTTATCACTATAAAATAATTTTTGATTTAATAAG
AGTCAAAAGCTGTCACAAGCCTGTTGCTAATTTAAAAAGTTGTCACAAATCTGTCGCAAATTGACTAA
ACTGTCACAAAACCGTCACAAAAACCGTCGCTAATAAACTCGTAACAAAAAATATCATCACTAATCCC
GTCGATATTTGAGTATTTTTTTGTAGTGTATACTTGTTTTCGCTAGTAAATTTTGCCTGTTTTCCATA
TCCAACTTCATTCAACAATTTATCGAAACATGCAGCCACGTTATTGACCAATCACTAGCCAAAGCCTG
CTTCTGGACACGACTCGTTTTCAACATTTACTTGGCCAAATTCTGTCGACGTTTTTGACCAATACTAG
CCAAAATCCAACTACGAATTAAGGTTCTAACAGTAATCAATTTAACGATCTCATTATCCTTAAGGGCA
ACCCAACCGGTTATAGCATGTCCTACTATATATATTGTATCTTGAACTTTGCTTAATTACCGGTTTCA
AACTAACCCGAATAGTTACTATGGAGGCGTTTTTCCATAGACTAAACATTCTTCAGTTTCAATAATAG
ATGGTAGGAGTTTATGTAGCTTCATAAAAATGCAGTACTACTGCATTGTTAGCTACTCCATCCGTTCC
CAATTAATTGTCCATTACGAAACTACGTACAATTTTAACCGGCCAATAGCTTATGTCAAAATTGTCGG
AATAAAAAATTTCAAAATTTAATCATATGGTTAAACATTAAATTATATGATTTAGTTTTAAAAATTTT
CATTTCGACAATTTTGATACATGTTATAAGCCGATCAAAATTACACGTAATTTCGTAAAGTACAATTA
ATCGGGAACGGAGAGAGTATTAATTAAGTAGATGTATACAATAATTGTTTACTTGTTAAATTAATTAC
AGCTTTATAAAGTTGAAGTTTATGGATAACCAACTATCATTAATTGTCTTTATACAGCGAAACAGGTG
AATTAATATGACATGAATTAGGGGCTGCAAATGAGTTGAGCCGATCTTATCTGTGCTCAAGCATGACT
TGTTTACTAAACAAACCTTAAAATACTATTCAAACTCGGCTCGTTTAGAGACGAGTTGTTCGTGAGTC
TTTTCTCAACATGGCAAATTTAATATCGTTTTACTTAAAAAAATATTTTTTACTTAGCTAAAATAAAT
GTTAAAATAAGAAATAATAAATAATAAATTTAGTTTATGATTTTAGTTTTAATTAGACTTAGTTTTAA
AAAATAAACTTACTACATAAATTGAAGAGTATATATTGATCGACCATCAACATTATATTAGATAAAGT
TTACATGTATAAGAAGTAAAATATGTGAAAATTTTATATTAAAAATGATTAACCGAGTTTTCAAACGA
GCCGAACATGTTCACGAGCCTTATTAGTATGTTTAACCTCGGCTCATTAGTAATAAACGAACATGAAC
CGAGTTTTTAACGAGGTAAAAACAGACACGTTCATTAACGACTCGGTTTAATGGCAGGCTAGTCAAAA
379 
 
TATATAGACGAGCGAGTAGGACTTTTGCTTTCCTTAACTATTTTTTATATCTTAGTGCCTATATTTTT
GACCCAAATTATTTACAATTGTCACCAATATTTAAGAATCTATATTTTAAAACTAAAAAGTACAAAAA
AAATTCCTTCTTCTGTGTACCAAGTCTAACTTTGTAAATCTAAATTATTTGACTTGAATTTGTCATCG
ATCAATTATTTGTAATTGTTTCCTTCTTTGATGTAACATTTTTTTTCGTACTCTACTGTTTAAGTCGA
TGGCTTATAATGGTAGGTTTGTGTTTGCATATGAACACGTTTCAACGTGTATATTAAACAAAACAATT
GCACCTTAATACGTGTTTCATTATGCCAACGTAGTCCGAATTTACTTGTAGCAGAAATTGTAGACAAT
ATGTTTGATCAAATACTTATTTAAATAGTTTATTCTCAATTAAAATATATTTTTTTAATTAAAACAAA
CTTTATTAATATAAAATGTCACGTAACCCAGTTTTACATCAACAAATTAAAACAAATTACAAGCTAAG
ACATCCAATCGTAACAACTACTCTATCCGTCCCGAAATATTGTGGCTCTATGTATATACGTGCAAATT
TGACCGACAAATATCTCGTGTTTAAATTGTTGAAATATAAATTTTTAAAATGTGTTCATATAGTTTAA
CATTTAAACTATATGATTAACTTTTGAAAAAAATCGATTTCGACAATTTAGATAAAGCTCCAATATAT
TGGGACGGAGAGAGTATTTTACAAAACCGACATAACGATTAATATAAAACAATACACGACTAACCAAA
CATAAGATACAAACATACAGCACGGGAAACTATTATCATTGATACTGAGATCTTTTAGTACGCGGGAT
TTTTTTCAAATACTTTACTTTCGGTGTCACCGATTCCCTTGATGTTTCCTTAATAATCTCAGCTTTCA
TAAATCCAAATATCGCATAAAACTATCTGAAACTCAAAGTACACAAGGTTAGTATTAAAAAACACATT
TTGCATCCGGATTCGTCACGTGCAAAAGGGAAATAAAATCAAACCAAAAAAATATGTAAAAAGCTGCA
AGTAAGACCGTCCAAATTTAAACAAAACTTTATACAATTAGTCAAAATAAATCAGCATTTTATAAGTC
GAAAACTAGTTTTACATGACAACTACATTATATAATTAGCATAATCAGTAGTAGGAGATTCAGAAATA
GCATAGTATATTCCACATGTACACATGTACTTATCTGACATTTTCCCAAACTCTTACCTCCTAATATT
CCACTGCATATGACGCTCTTTTTTTACAAGAAAAAATTATACAGTATATTTTTGGTCCAAGTAAA 
 
PvG2 (+/+) 
GCCAAAGACTTTAGGCCATGTTGACTACACATAATTGCAGTGAAAAACTGAATGCAGTACAATATGGA
ATCGGATGGAAGTTGGAACGGATGGCTCTATACCTGTTTATTCGTTATTTGTCATTAACAATTGCTGA
GTATCAAATTGTAATCCCCATTAAAATTTGTTGTCATTTTATCTAAGGTCTTTATCAATTTCCCCATT
AGGGTTTAGGGGAATGATTTCGAACCGGAATATTCCAAATTATATTTGCCACTTCCATGCTTTGCTTA
CTCTAGTATTTGTGTAGTCATTCTAGAATGAAATCGGATGTGGTTGTGATCACTTCCTTATGCATCTC
ATTATCTAAGTAAAGCTTACACTCACGCAAAGATTTACAAAGAAATCTGACCCATGGATGTGGGAGCA
TTTGCGCCACAATCCTGTACTTACTTATTTTTGAAGGAAAAAAAATACATGATAGCTCTTCATATGCA
TCCAACTGTAAGGGTTTTGGGTAGAAAATTAATATTTTCTCCGGTTTTATTTTTCTTGCAGCCAGTCG
AGGGTTCTATGCAACAGGAGTGAAGAGGATGAGTGAAGGGGACCTGCACGAACATATGTATAACTTGA
ACAGGATGAGATTTCGGAAGCTAACAATGATCCTAGGTGTCTTCACTGTGTTCAGCATTTGTGTTTCT
GTACCCGTGGTCATATTCCAGCAAAAGAAAACTGCTTCGGTTAAGTTTCTTTTCCTCTTGCTACTCCT
TTTTTTTTGTTTACATTAATAGATCTAGAACACTTTGGTTAAGTTCATATTCTTTTTGGCTCTAAGTT
TGCACAAATGAAAAGCCAAAAAAGCTCTAGAAAAACTCCTAAAGAAAACTTAAAGAATACGTGTTTCA
CCTTTTGTTTATTTAAAACTTTAATTAGGGTTGTTATTTGCATTGAGCTTTTTCAAGTTTTTTCTGTG
TTGATTTTTTTAATTGATATATTAATTCTATTATTGTGAGATTCTTAAAATAGGTATATGGGTTCGAG
GTACTTTTGTAGAATTTATGTTTCATGACTGATCTCTTGCAGAATTCTTTTGTGTTTGTGTGCAGATA
ATTTTACTTCGATAGTACTTTTACTAATTTGAACACATAAAGGTTTAAGAGTCAAAAAATATACTATG
GAGATTTTTTTTGCTATGATTGCTTAAAATTTAAAATCCAATAAGTCACCTTTCAAGAGTGAATATTT
CTTTATGGTTCAACTCAGAATATGTTGGTTAAATGGAGTT 
 
PvG3 (+/-) 
TAGCATTCGTAATATGGGTTTCACAAATTTAATCATCAATCTCCCAACAAAATGCCATTATAATTAGT
AACATCTCTTTATACTTGTGCTTAATTTCTCTCTGTAAAAATCATTGTGTCTGGCCTAGAGTCAACTG
AATTTAATTTTTTGCACAAAAGTACAAGACGTAACTCGGCAAAGCTTGTAGGGGTTGGTTTTTTAATT
TTTACTATGTTTTACTCAAGAATGAAATCGGCAAATGGACTGAACTGCAAAAGAAACAGAACTTCTCC
TAAGCAACAATAAGCAAAATTCACTAGAAATAATCCAAAACGTTCACATATTATTTAAAAATCCAAGA
ATCTAGTCTAGTAGACACAGTACACAAAACCACGCCATGATCCAATCATCAAACCAACAATAGAAAAT
CTTGAACAAACAATGATATGCTTCCCGTATCCACTTCTTTTTTGTGAAATAATAATGATTAAATCTTG
CCTTTTCAGCTGCCACAGTGTTTAGCAGGACCAGGATGAGGATCTCTTGATCACAGGCTTCATTAGCT
TGTCTTCTTCAAGGGATATCATTCCCAAATGTGAAGGGTCTTCTAACATCATCTTTGAGACGAGATAC
CCTGCAACTGACCACGTCTGATATTTTCTCGCTTGTTTGCCAATATATCTCCCGAGCTTACCATCATA
GTATTCGGGCCAGCTGTCTTTCAAAAGACGACTTTCCGCAAGATCAATTGCTTTTCTTGCAATTTGGG
GCCGTCCAGTTTTAATGCAAGCAGCCGTTAACAGCCATAGAAGAACTGAATTTCATATATTGGAAATA
AAATTTGTTATTAGGAAAAAGAAAAAAAAACTACTTTACAGCATGAACAGAATATATTCCAAAACACC
CAAATATTGCAGTTGCAATCTTGTAATTAGGACAAGTTTATGAGTGAATAAATGGGAACCATAACTTT
GCAAGATAATTCCAAGTAGAGTTTTTGACCATATATCCTTTCATAAGCACTTGCAATGGACACACGGT
CAGACATTAAACTGAGACTCCTATTATTTTGCCTAGTTCGTCACCGAAACGTATGCACGGTCTAGTTA
TTATTTCTACATAAAGAGTTTGTTCATCTCTATATGACAAGTACTGACTACTGAGAAATGAGACTCTT
380 
 
GCCACATAAAACAACATCGACATAATTATGAGGAAAAACCGAAAAACTTAACAGGCGAGAAAACACGG
ATCAATTTTGCAAAATTGTTCTCACATCCTCTAATTAAAAATAACCCAAATGTTAACTGTACAGAATA
ATGGCAATATGACAAACATCAGCTGATTAAAATAAATAACATAAAATAAAATAAAACATTAACTGTGC
AGATTTTATCTGTCTTTTTCAGAAACCAAAACCAAAACCTCATCCTCCCCCAGCGTGACCCTTCTGCT
CTTCTAAGGAAAAAGTAACTTGAATGAACAGTAATCAACTTACAAAGTGTAACAGTGAAGGAAATACA
GCCAATGATAACACCTTTGAAAGATGGAAAGTCACTTTAGAAAGAAAAATTAATTAAAAAATAGAAGA
ATATCTGTGCAATGTCATTATTAGGCTACTGTTATTTGTTAAACCAACACCAAGTGATTTCGAGAATT
ATACAGAAGCGTTCCTTCAAAACATTTCAATAAAAGCAAATGATAATTTTTTTGATTAACTGAACTAT
ATTGATAGTAATAGAGTCTCTGAGTCTACACAATCAATTTTCCCTTCTCACCTAAAAGCTAAATCCTG
AATTGAATACTTGATACTCTTCTCTCAAGCAAAAAACTAACAATTGAACTTTTTACATACATTTTATT
AGGGCTGGGTTCGGTTCGGTTCGGGTCGGTTTTTGGCAAAACCGAAACTGAGCATAAATTTTGGTTCG
GTTTCGGTCTTTTCGGTTTATGGACCGAACCAGTTTGTCTCGGTCCGGTTTCGGGGTTTTTTTCGGGG
TTTTTTTCCATGTTTTAATTAAAAAATTACATTTTGTTGTTATATTTTGAAACATGTCCATTTATAGA
TTTAGCTAGTACATTATTATGTTTATTTTGGTAATCTATTTATGGCGAATCTCCTAATTTAGATATGT
AAAAATGGTTTTAAAAAAAAGTTATCAATTTGGTATCTTTTATATCATTTCTGTTGTAGGATATTATT
AGACTATTGGGCCTTACTCATAGTGGGCCTATCTTGGGCTTTCCTAGCATATGTAACCCTACCTTCTA
TTATATAAAGAGGGTTAGGGGGTCTATTGATGTAACCTCTCTACACTTATCAATGAATAAAAGACGAC
TCCTTTATCTCTCTATACTTGTATCTCCATATCTATATATCTAGCTAATATGTCACACAACACGTTAT
CGGCACGATGCTCGCGAAGAATAGGATATACGCTCAAGGATATTGGAGATTTTTGGTAAACAGATGGA
TATTGGGTATTTATAAACCTTGAGGTTTATCCGGATTTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNTTAGAAAAATGAGTAAAATGATGTAGTAAAATGATAAAAGATAACTT
ATTTATGAGTATTTTTTAGTCAACTTGTTTTTTGACAAGGTTTAAATAAGGTGAAATATTGCATTTAA
TAATGAAAAGTTAGTATCACAATTATTTAGATAGCTACAATTTATAATAAAATCTTCTTTCATATCGT
ACATATGGGGGTTCTGAAACTGTTATAACTTATAATTATGCAAACATTAGTTTCAAATGCTAATTGTG
AAAATGTTAATTACTAGATTTTTTAGTTATTAAAAATTGAGACAGTTATAAATTATGATTAAATTAAA
TGTTAACTAATTAAAATATACATAACAAAACATAATAATTGGCTATGTGCAACTCAAATTTTCAGCCC
TCAATTGATTTTTTTCGGGTTTTTTTTTGGTTTTTCGGGTTTTCGGGTTTTTTCGGTTTGGTTTTATA
GTAAACTGAAACCGAACCGAGATGTGTTCGATTTTTTGGTTTCAATTTTTTTCGGTTCTGTCCGGTTC
GGTTTTCGGTTTTCGGTTCGGTCCGGTTTTTTCAGGTTTTTGCCCAGCCCTACATTTTATCATACAAC
TAAGAAATTAGATTCTTATCAATTTATCAACCGGTCTGATGACTGAGAATAAAGTAAACTTACCCCAT
ACTCAAACCGGAAAACATACCAGAAGCAACACAAACTGTGACCAAGCAGCATATAAAAATATCAAGAT
GTAAAGAAGAAAAATGACAAGATAGCAGTAATTTCACCTGGCCATGATCCTCCATTATGGTAACTCCA
TCTAGTATTCTTTGGGTCACAACCAGTTACAATTCTCCATTCATGGCTTTCTATGGCAGGATAAGCTA
TCTTCAAAGGCATCTCTCCCACTAATTCCTCCCATCTTTCCTCAATAAGATCCATAATAGCCACACTT
TGCTCAGGTGTAGCCAAAGAAGATAATATTGCGACACAATTACCCAAAGCAAACCAACGAAAATCCAT
CCTCGCAGGGCTAACGTTACCGATAAAGTACCCACCACGTGTCGGCATAAAGTCGAAAACCCACTCAG
GAATGGAATCTGGAATGACGTTAAACTTGTTCACGGCAGTATGGGAATATTCTTCGGTTTTGTATCTA
TATATATCGTTTAGCTGTTGAAAGTCAAGCCAGAAATAGCCACGCATGTGGTAAGTCAAGGCGTGTAA
ACGTTTCACTATTCTTTCCTTAAATTCTTCTCCCTCAGCGTCATGTCTCAGCATCGACTGAGCAGATC
TTAGCGCCATGAAGAAAAGCGCTTGTATCTCGATAGGATAACCATAAATTCCCTGAAAATTTGAAGCA
TGCGACAATTAGTATTTGCCAATCAACAGTTATAATAAGGATCGAATAAAACATACCAACTATAAGCT
TAAGTATATTACCATTCTTCGATCAATCATAGAGCATCCATCAGCACAAAGCAGCGTTGGAAAAGTAT
CGAATCCCTCTGATAAACAAAGGTTAAGTATAAGCCTCATCCCTTTCTGACACTCCGGTGTTTCAGAT
AAGGTCAAATCTCCTGTGGATTTAGTATACGCCCTTAGTAAAATAATCCACCAAAATCCAGAGTCAAC
TGGAGCAACTCGTCCAATTGCACTTTCACCAAAATCTGCTATTATAGTGTCCGTTTTACGATTAGGAT
CATGAAGAACCTTGAAACTAGCTGGCATTGCCCCTTCTCCAAGTTTGAATCTATCGATTCTCTTTTCC
CACCCTTGGAGCTGTAGTGTTTTTAGAAGGAAGTTTTTCACTATATCGGGCTCTCCATTCATCAGAAA
AGCCAGTGCACTAGGCACAAAATCTCGCACAAACACCTACATAACAACAACAAAACAATCAGAAGTTA
AAACTTCATTAGCACACAGCATAGGAGAAGTCTAGCACAATTATATTCATTTTGGCCTAATTTTGTAA
TGTTATAAATTACAAATAAAATGCTACCTTTTAGAAACATATGATTTTAAGTGGGAAAAATAAGTTTC
ATTCTTTTCATATTATAGAAGTGGAATGTGCCTCCTGTTCCTAGTTGACTAGACAGTTAATTTCCAAA
TTAACAGCAACGAATAACAACCCTCTAGACCACACTAGGCTTATTAATCCAACTAACGAAACAAAACA
AGTCAACTTTAATTAAAAAACTGGACTAGATAATGATTCTAAGTAGTATCACAAATCTAAAATTAAAG
AAAGTTTTGAGCTAATGTTAGAAAACCAGTGTTATGGACACAAAAACTCGCACGAACATCAAGACAGC
ATACGA 
 
PvG4 (+/-) 
AAGAGCTACACGTTTTTAGCAGTTTGAAATCATTTTGTTTTTTGTTACTTTACAGCTGCCCAAAAAAT
ATGCCCTTTGCATTTGTTGAAAATGGAAAAGCACGTTCTATTTTTTTTTTTATCCCTCCCGGATGTAA
GCTGCAAAACTTCGCAGACGACATGATTTGAACTCTGGCGATGAGCGTGATATACTTAACAAATCTCA
TAAAGAGATCAATATAATGAACACGAAACATATCAAATCTCCATTGCTGAGAAAGAAAACTCCCAATT
381 
 
GGACAAAACGGAAAAGATATTTTCTTATAAATGTGTTCACTATTTCTGAGAATGAGATGGACGTATTT
ATACTGTTTCATCTCATTCTGTTATAACAGAAACTTTCTTTACAAATAGGTTCATGCTATTACATAAG
TATCACAAACTAACTTTCATACTAGTCTATCAATATTGAAACATTACAGATGAAAAACAAAACATACA
TATGAAATGTAATACACCCCCTCAAGATGGCAATGATGGACTGAAGGACATCACTCCCATCTTGGACA
ACAAAGAAGAAAAGAGTTTAAAACGCAAAGACTTGGTGAATAAGTCAGCTAGCTGATGATCTGTATAA
ATATGAAGCAAATGCAGAACACCACTTGGGATCTTTTCTCTGATAAATGGATGTCTATTCCAATATGT
TTTGTCCTCTCATGGTGAACTGGATTAGCAGCAAGTGCAAGAGCAGACTTGCTATCACTGAAGAGTAC
CACATGTTGAGAAAGACATACACCCAAGTCCAACAATAATTGCTTCAGCCAAACAATTTCACAACTTG
TTATTGCCATAGCCCTGTACTCAGCTTCTGCTTAACTGCGAGAGACTATGTTTTGCTTTTTACTCTTC
CAAGAAACTAAAGCATCACCCAGAAATAAGCAATACCCAGTCACTGATCTTCTTGTGTCAACACAACT
TGCCCAGTCACTATCACATAATCCTTTCAAAATTAAACTAGACGTAGCAGGGTAAAACAACCCTTGAC
TAGGAGAATTTTTAAGGTACTTAAGAACCCTCATAGCAGCAGTATAATGTTCTTCAGTTGGAGCACTG
AGAAACTAGCTTAAAGTGTTAACAGAAAAACTAATATCAGGTCAAGTTATTGTCAGATAAATCAATCT
CCCAATGAGCTTCCTATAACTTGTAATATCAGCAATAAGTACACCCTCTTGTTTAGAGAGTTTAAGAT
TTGTCTCCATAGGAAAAGTAACAGCTTTAGAAGCTAGAATGCATGTATCTTCAAGGAGATCTAGCACA
TATTTTCTTTGGTTTAAAAAGATGCCACTATTATTCTAGTTACCTCTATACCCAAGAAATATTTCAAA
TGACCCAAGTCTTTAATATGAAAAGTTGTATTCAGAAAGGCTTTTACTTTATCAATAAGCAATTTATC
TGAGCTTCATAGGATGATATCATCAACATAGACCAGTAAGACCAGAAAACTTGTCTCAATAGTTAATG
TAAATAGAGAAGAATAGCATGAGACTTAACAAAACCAAAATTAATAAGAGCTGTAGATAGCTCGCTAA
ACCATTGTCTACTGGCCTGTTTTAAACCATATAGTGACTTATGTAGTTTGCATACCTGAGAGCTATTT
GATTGTACATAGCCTGGAGGTGGTAGCATGTATACCTCTTCTTATAGCTCACCATGCAAAAAGGCATT
ATTCACATCCAACTGTACTAGAAACCAGTGTTTTGATGCAGCTATAGCAAGTAAGCATCTCACACTTG
TCAATTTTGCAACTGGACTGAAAGTCTCTTCAAAATCCACCCCTTACATTTGTGTATACCGTTTAGCC
ACAAGCCTAGTCTTATATCTTTCAAGGGAACCATCAGATTTGAGTTTAACTTTATACACCCATTTGCA
CCCAATAACATTTTTTCCTAGAGGCAAATCAACCAAAGACCAGATTTTGTTTGACTCTAAACCCTTAA
TTTCTAAGTCCATGGCATTTATCCATTGTGGACACCTAGAAGCAATTTTAAAAGACCTTGGTTCTTGT
ATAGATGATACAGCCATACAATAAGTCTTATGGGCCAAAGAGAGGATGGAATAAGAAACATGATTTCT
AATATCATGCTCAACCTTTTTGGCACTAGAGTAACAATGAAAATCTTTTAGATGACCTGGTACAACCT
TAAGTCGTTCTGATTTCCTCATAACAGGTGTGTTAACTACTATGTCATTTTCCTGTTCTGTACCCACT
GGAGAGACAATTTCTTTAGGTAGCAAATAAGGGAAAATTTCTTCATAGAAAATTACATCTCTAGATAT
AAAATAACTTTTGCTTTGAAGATCCATCAATCTATAACCTTTTTTGGCAAATTCATACCCCAGAAAAA
CATTCTTTCTGGACCTAGAATCAAACTTAAGCCTATCTCTTGTAAGAGTAGTGGCATAGCATAAACAG
CCAAAATATCTTAACTGAAAGTAAGCAGGTTCTTTATTAAACAAAACTTGGTGTGCAGACACCCCTTT
GAGTATTGTACTAAGTAATCTATTAATAATGTAAGTTGCTGTCATGACACAATCTCCCCAGAAATTAA
TAGGCAAACCTGATTGAAATCTCAAAACTCTTGCAACATTGAGCAAATGTTGGTGTTTTCTTTCCACT
CTGCCATTTTGTTGTGTTGTTTCTACACAACTAGTCTGGTGTATGATGCATTTACCATTATAAAAACT
CACAAAATCAAACTCTAGACCATTATCAGTTCTTACCGCTTTGATCTTTTTGTGAAACTGAGTAGAAA
CCATCTCATAAAAAGTCTCTATTAGAGTTCTGGTTTCAGATTTATTCTTCATTAATAACACCCAAGTA
ACTCTAGAATGATCATCAACTATAGTCAAGAAATAAGAATAGCCACCATTTGTTGTTTTACAGTAAGG
TCCCCAAATGTCAAAATCTACTAAATCGAAAGAAGAAGTTTCTCTTGACATACCATCAGGAAATGACA
ATCTCGTTTGTCTAGAAAACTGACATATATCACAAGGTCCAGGTAAAGAATTCCTCTTCAAATCATCT
ATCTTATTTGCTAATATGGCTAGATTATGATTGGAAGCATGTCCTAATCTACTATGCCATTTATTGTA
TGTATACTGCACAAAAAAAATAACTGGTTGTGACCTTCTTCCTTGGTTTAGCACCTTCACATTCTTCA
AGAAATATAACCCTTTATGTTGTTGAGCCATCCCAATCGTTCTCCAAGAAACTTGGTCCTGGATCAAG
CACTGTGTTGCATTAAAGATTAAGCAACATTTTGAGTCTATACTAAGCTTGCTTGCTGAGATCAAATT
GTACCCAAAACAAGGAACACAGAGTATATTTTCCAGTACTAAACCATTATCAAACACCACTGTACCAA
CATGAGTAACTTTGGTTATATGACCATTTGGTAGAGAGGCCTCAGAATTATATTCTTCTTTAACATTA
GTTAGATTAGATAAAGAATGAACCATGTGCTCATTGGCACCAGAATCAACCAACCACATCATCTCACT
GTTCTTGTCACTTATACTAGTAATAACATTAAGTGCAAAAAATTCAAGAGAAGAGTTTAGAGAATTAC
CAAAGATGCCAGTATAGCTCATATGAGCTAGATTTGTTGTCCCATTTACACTTTGATTATCTTGAATA
CTTTGTGCCTTCAACATTTTGCACAAATTTTGGTACTAATCTTGAGTAATAGAGCAAGAACCAGAATC
ATTATTTCCTTGATTGAAGGACTTAGTAGTGTCATTATCAACATTGGAGGCTTGATTTGCACTAGTTT
GTGCAATAAAAATACCATTTCTTGGTTTAAAACCTGGTGGATAACCATGTAGCTTTCAACATTTATCC
TTTGTATGCCCCTTTCCCCCACATTAAACACATTTTAGAATAGGCTTTTAGAACTTATTTGAGTTGCT
ATATCCAAAATTAGGTCCAAAATTAGGTCCAAAATTAGGTCCAAAATTAGGTCCAAAATTAGGTCTAT
TAGCTGTCATAGCTACTCCTTCTGTGAGAGACCTGGGCATGTAAGCAACATCTCTCTGTTTTTCTTCA
CCCTTAACCAACTGATATACTTCATTGATGTTGGGTACAAGTTTCATCATTAAAATATGTCATCTTAC
ACCACTATAAATCTCATTCAATCCAATGAGAAAAATCATTCTTAGCAATTTATGCTCCCTTTTAAATA
TTCTTTCAACAAATGAACAACAGCAAGTGTTGAGAACACCACAAGTACATCTAAAAATAGGGCAAGCC
AAAGTCAAATCATTCCATATAGTTTCCAGCTTGATAAAGAATTCAGTAACCGTTTTATCCTCTTGTTT
TAGATTGTACAAAGAGCTTTGCAATTCATATACCCTAGCTTCATTTCCTTGGACAACATTTTTGCTGG
382 
 
TGTATCAGTATATAAAATGGATTGTCCTATCTCTGCATTTACTGAATTTATAATCCAAGATTGCACAA
CCAGGTTGCACCTAATCCAGGCCTGATATAGGCTTTCAGTAATAGGTGGGCAGGGGATAATACAATTA
ACAAAACTCAGCTTAAATCTAGCACCTAGGGTTATTTCCATAGCTCTTCTCCAGGTGTGATAATTGTT
CCTATTTAATAATGGATTAACCAGAGAACCACTATTTGTATTACCAGGCCCAATATAAAATGGCATTC
CAGTCAAATCAACCAATAAATAGTTCAGAATATTCCCATTATTATGTTGATTGTGAGCATCACTACCA
TTATTTTGCCCATTTTCTTCTTTATTATTACCATAATTATAAGAACGCGTTTGTATCACCATTGCATA
AAATATCAATCAATCAAGATATACCATTTTCCTTATCTCGATAAAGAAAACCCCAAAAAAACGAGGAT
ATATTCACAATAGAACCCTAATTTTTCGATCGAATAAAACCCTAAAGTGTATTCAAAAACCCAGTTTA
ATCAACTAAGGTAAAATTTATCAAGAAAACATAATAGAGATCACCTTCTTTATGCGGAAACGAAGGTT
TGCTCTGATACCATAATAAATCTCATAAAGAGATCAATATAATGAATACGAAACATATCAAAACTCCA
TTGCTGAGAAAGAAAACTCCCAATTGGGCTAAACGGAAAAGATATATTCTTATAAATGTGTTAACTGT
TTCTGAGAATGAGATGGACGTATTTATACTGTTTCATCTCATTCTGTTATAACAGAAACTTTCTTTAC
AAATAGGTTCATACTATTACATAAGTATCACAAACTAACTTTCATACTAGTCTATCAATATTGAAACA
TTACAGATGAAAAACAAA 
 
PvG5 (+/+) 
GCGATCTCTTCCTTAGATTACGTTTTCGTTGATTTCTACGCCCCCTGGTGTGGACACTGCAAGCGTCT
CTCTCCCGAGGTCCCCATCTCTCTCTCTCTCTCTATATATATATATATATATATATGTATATGTATAT
ATGTATGTATGTATGTGTGTGTTTATATATGTATTGGTTTCTGCTAATTATGATTGATTATTTTACTA
TGAATGATTTACTTTTTAGCTTGTACTAGTTGAAACTAACAAACCTATTTAAGAATACATTAAATTGG
AGTAGTATTTAGATATGTAGTTTTATGTTTATGTATATTAGAATATGTATATGTATGTGTATATATAT
GTATTGGTTTCTGTTAATTAAGATGGATTCTTTTATTATGTGTAATAGTACATCCAATCCCACTAAAA
ACACCAAAAACGCCTTTTGATAGTAAGTAAAGGGACATATTATTAAACTATAGTCTTGATCGATAACA
ATGACAATAACAATAAAAATAAGAATGAAGATCGTGATCGTGACACTCTCTCTCCTCCTGCTCATCTC
ATCTTCATCATCAGATGAGCAATTTCCCATTAATGGTAAGGTGTTAGAGCTCAACGACACCAATTTCG
AGTCTGCGATCTCATCTTTAGATTACGTTTTTGTTGATTTCTACGCCCCCTGGTGTGGACACTGCAAG
CGTTTCTCTTCCGAGGTCTCTCTCTCTATATATATATGTGTGTGTGTGTGTGTGTGTATTGGTTTCTG
CTAATCAATATCTTTTACTATGTGTAATGGTCCCACCAAAAAGGCCTTTTGATAGGAAGCAAGGGGAC
GTATTATTAAACTACAGGCTTGATCGATATATTATTGATGGAGGATAATTCAAACTTTAACATGAATG
GTTTAATTTTTAGCTTGTAAGGAACCCTTTTAAGAATATATAAAGTTGTATCTACATAGATATATATA
TGTATATCAGTATATTTATATGTATATGTATGTATGTTAATCCAGACCGATTCTTTTATTATGAGTGA
TTTACTTTTTCGCTTGTACTAGTTGAAACTAAGGAGCTCTTTTAAGAATACATTAAATTGTATGTATA
TATGTTTATGTAAATGCATATCGGTAGATGTTTTATGTATTTATTTTTATATGTATTGGTTTCTGTTA
ATCAAAATCTTCAAATACGTACTTACGTAATCTTCTTCCCCTTCACTCTCAGACTCACTCACAATAAT
AACAATAATAAAAAAGAATGAAGATCCTGATTTTTACACTCTCTCTCCTCCTGCTCATCTCATCTTCA
TCTTCTTCCTCATCAGATGAGAAGTTTGCCATTAATGGTAAGGTGTTAGAGCTAAACGGTACCAATTT
TGAGTCTGCGATCTCATCATTAGATTACGTTTTCGTTGATTTCTACGCCCGTTGGTGTGGACACTACA
AACGTCTCTCTCCCGAGGTCCCTCTCCCTCTATATATATATCTGTGTGTGTGTGTGTGTGTGTGTGTG
TCTGTGTGTGTCTGTGTATGAGGTGTGTGTGTAGATATATATATATGTGTGTGTGTGTGTGTGTGTGT
TTATATATGTATTGGTTTCTGCTAATGATTTACTTTTTTAGCTTGTTCTAGTTGAAACTAAGGAACCC
TTTTAAGATTACATATAATTGTAGTATTTAGAATTGTTACATATGTAGTATATGTGTATATTATGCAT
ATGTATTTGTTTATATATGTATTGGTTTCTGCTAATCAAGAATATTCTTTTATTCTGTTTATAAAATG
TTCCCCTTTAGATAGGAAGTAAGGGGACATATTAATAAACTACAGGCTTAGATCGATGTGGAATAATT
CAAATTTCACATGAATGGTTTACTTTTTAGCTTGTACTAGTTGAAACTAAGGAACCCTTTTAAGAACA
CATTTAATTGTATGTTGATATGTATATGCATATTAGAATGATTTACCTTTACCTTTTTTTAATCAAAG
ATCGATCTTGTTTTGATCAATGATTTACCTTTTTGCTTTTACCAGTTGAAATATATTTAGTTCCCTTA
TAAGGGTATGTTCATTTGTGGTACGATTGCGCAGTAGTATAGTTATTTTCAAAATATATATAGAAACC
TTCTCTATATTGATTTTCTCTTGTTAAAATCAATTTTTTAACTTAAACTAGTTGAAATCAAGCAAAAA
TCTTATAAGGGTATGTTAATTTGTTGTTCAATTGCCCAGTTTTATAGTTTCTTTCCTCAAAATATAAT
AGTTTCATACAATTTCTGATTTGATGAAGCAGCAAGAGGTGGAAAAAATCCGAATAAGACTAGATTCA
ATTAAAGTAGTAATCTGGTTCACTAGTAAGGGAGAGAAAGAAAAAAGGCTATAAACCCATGCATATTT
AAAATCTGAGGAAAGTTCAATTTTTACCATTTACTTTTGCCGAGGATAGATTTTTAACCCCCTGTAAT
ATCATTTTTACATAAAGTTCAGCTCCTCCCATTCTAGAATGCTGCTTCAGCCACTTTTCTGGTTTATA
TCATTAAATTTTCTCATTAGGCTATAAAATTTGTTGGTTTTTGACATTTTGTCTAAAATGGGGAAAAT
CCATACATTTTCTCATTTTGATTGCGTAGGCATATAAAACTATGACGAGTATTTTAATGTTTCATGTA
TTTCTAGTTTTTTGTTGTAGCTTCCCCGATGGCAGAAACTTACATATCATTAAATTTTCTCATTAGGC
TATAAAATTTGTTGGTTTTTGACATTTTGTCTAAAATGGGGAAAATCCATACATTTTCTCATTTTGAT
TGCGTAGAGCATATAAAACTATGACGAGTATTTTAATGTTTCATGTATTTCTTGTTTTTTGTTGTAGC
TTCCTCGATGGCAGAAACTTACAGGGTAATTAAGATGACATAAGTTTTGGCTGTACAAAGTTTCGATA
AACTGACCCACTTTTACATCAATTTTCTCAGTAAGAATATGTAGATTTTTAATAATTTCCCATCTTTA
GGAAAAAAGTATCCATTTTCCGTGAGTTTGTTTATTTCCTTATTATCATAATATTAGTTTTTTTCAAT
383 
 
AATTGAATTTAGAGAAACCTCCAATAATCATTTTGGCTTATATGATTTAATAGCCCATCTTTAGAGCA
AAATTAACAATATCAATATTAACCTGTTTGGTTTTGCACAAATAAGAAACTAGCTTCAGAGAGGGGAA
AAAACACTCTTTACAATAGTAATCTATTTTCATGATATATGTGTATTCTTCAATAAAAGATAGAAGAA
TTACATCTTTCGTCTCTTGCGCTACATGTCATCAGTTTTTAAAGAGCTTAGAATTACTTCTAAGCTCT
TCATTACAACTGTCTTTGGAATCATGATCGAATTCATAAGAACCGCTTATCTTATGTAGGATAAGCTA
AACAACTTCCAACTTCCCAAGTATTAGAAACCTAAATTCTAAGAAGTTCAGGGGAATTGAAATTTATA
CCAATCTATATCTATATATCAATGGAATAGAAAATTATACCAATCTCTATCTATCTATCTATCTATCT
ATCTATCTATATAGTTATATATATTTACATAGATAGATAAATCAAAAGATAGAGATTGGTATAATCTA
CAATTCCCTTATATATATGTATATATATATGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTGTAT
GTATATATATATGTATTTGAATATGTATATGTATATATTTGGTTCACCTTAGATCTAAATGACTGATT
ATCTCCACACACTAAAATCTAAAAATACAAGTGTGCACGTGACTTGTGATATCATGTATATCTGATTC
TTTTTTGAAGTTTTTCACGACTGTGACCTCTTAAGTCTTAGTATAGCAAATCAATGGCTAACTGCTAG
GATCGTTTCAATGCCGTATCAAATTCATCACGGAAATGTTGTTTTCCGTAGAAATATTCCTCAACGGG
ATATAACTGCGATCTTGTGATTCATAGCGGGAAATAAATTTTAGTAAAAACTAGGATTACGAGGATAT
TCCAAGGGTTCTTTCCTACAAATTTGTAGTGATTTAGGCAGTTGGGTGAATTTTGACTGTTAGTTGTC
CATGAGTACCATGATTTATAATCCAAAGTAGTGTTGCACTTTATTATCATTCATGGATTTGAGTTTTG
ATTGGTCGAAATAGGAAAACATTGCTTAAGTGATTAAATAGTTAGATAAATCTATAACTCTTTGACAC
TTCCCGCGAAATCTAGGCACAGCAGACTGCAGACCATTGAATGATGATGTTCAGAATATTGAGTATAT
GCTTTGGAACTTGTGGTTTTTAAATTACCAGGGCATTGGACATTTTTGTGTATTTTGTCTAATAATTA
CTGTTACTTGAAAATTGAAATCCATTATATTAATGAGCTAAACAATTGGCATCATGGGTTTTCAATGG
AGAAGCAGTTGTATTACCATAGATTTCCCATCCTCATTTAGTAAGCATTAATTTCTCTATATATTTTG
GTTTCATTAATGTCCGGCTTCGGTTTGCCTGAAAACATTTCCTTCTTAATCAATCTGAACTTGCTTTT
GGTTTTTAATCCACGAATCCAAACTCAACCAAAGGTAAGATTGTGGATAGGAGAGGATTAAAATTCAT
AGTGTTTGCAGAGTTCCATGGATTTGTTGGTGTCCTAAAATTTAGTCGCCTTAACAAATAACAATAAT
GCCCTTCAGAGTCACTCCGAAACTGCTCATGGATTAAGGAATTATAAATCCTAATGCAACCTAATGGT
ACGTAAGGGAATAGACTTGAGATTCATAAGGATTTGGATATTCTTCTATATTTTTAGGTAGCCGAGTT
CAAGTTTTCTATTTCTTATAGTGCTCCTTTACCTACCTTATTTATCTTATTGGTCCAAGTCATCAATT
AAGCTAACTTGCCATATGCATTAGTTGACTCTTATTATTCTACTTATCAAGCCAATTAAACGAAATCT
GTACACAACTAGAATTTTCATGAGAACCTGTTGTGACCATTAACTATGTCTGTGTTAAACAAGATTGC
CTTATTGCCAATGTAAAACTGATGACTTGTGAGATCGAAGTGGAATATATTTGGAACAACTTATATGA
ATATCTTGCCGTGGCATATGCATAGAAAATCGACACTTCTGCTTTTTGTTAACAGTCTAGCTGTTAAA
AAGATATGATCAAATCCCTTAATATGGAATAATTGAACAGGTTATTATTATCAAATGGGAGAAGAAAC
ACAATATAAAATTTAAAAATATATGAGTATGAAAAAATAGAGGAAAGAAGAATCACTAGCTTCAATTA
ATAACACATTTGGTAATGATACAAAATAAAATATTTTCTTTGTTTAATTTGATTTTCCATGTTTTCTG
CGAACAGTCTGCAAGACAACCTACTAGAAATAGGTTTCAAAGATGTTTTTTTCTTCTAAAAAATGCTT
ACTTTTATATGTACAACTATAAAATGGCAAGCACTGTCGGATGTGTTTTGCCCAATAGTGTATCCTAA
TCTGTCGATGAATTGTGTAATGACAATTTTTACTGATAATGTTTCTCCTAGAACTTTTAATGTATTAA
GTTACATACGATAAAAGTACTTAACTAAAAGTCTAAAAGTCAATTAAAGCATATGGCAAGTCATCCTC
ATTGATTGTTTGGGGTAATAAGATGGGTGAAATAGATAAGAGGTGTACTATAAAGGCGTAGGATATTT
GAACTCCGCTTTAAACTTATAGATTTGCAATGACTGGTGTACTTTTATAAAGGGCGAGGGATTAAATA
AGTGGTTAATATCTTTGTATAGCCTAAAGTGGTGATTCCCAAACCGTTCGATTGACTATTAACAGAGA
TGACATGGATTTAGAAGGGCTGGTGTACTATTTTGAGTTTGAAAGGCATCTCTAATCATTCTTTAAAT
ATCTTAGTATCATAGAAAGTGTCTCCCCTTTATGCAAGGGGCGGTCCATATGGATACAAATTGGTAAA
TTTAAACTCCAACTTTAAAAGATTGGTTCTTGGAATTCCTTCTCTACTATAGCATTTCTGTTGGATTA
TTATTTTGTTTCATATTCAATTGGTTAAAAGTAAGAACTATTGACCTCTTTTTCCTGGTGCAGTTAGA
CAAAGCTGCTCCCATTCTTGCTGAACTGAAGAAGCCTATAGTAATAGCTAAAGTAAATGCTGATAAGT
ACACTCGTCTGGCTACTAAATATGAAATTGAGTATGTTCTTTAAAACCTATTTCTCTTTGTTTGACAT
TTGATAGGATTTTTTCTACTTTTCTATTTGAACCAAATCCTAGTAGTATTTGTGAAATAAAGAGTAAT
AGAGTTCTCAATTAGCTAGCCAATAATTTCTTGAACACAAAAGTTGTCATTTTGATATTAATATAAGA
TGATTATTGAATTCAATTTTATTCCATGTGATGCAGCGGTTTCCCTACCTTAATGGTATTTATACATC
GAGTTCCAACAGAATATTATGGTCCAAGAAAAGCCGATTTACTTGTTCGTACCTTGAAGAAGTTTGTT
GCTCCAGATGTTTCCGTTCTTACATCTGATTCTGATATAAATGACTTCATCGAAACTGCCGCAACAGA
GTTTCCTATATTTATAGGATTTGGTTTAAATGAATCGGTAATATCTAATTTGGCAATGCAGCATAAGA
AAAAAGCATGGTTTTCTGTGGCAAAGGATTTCTCAGAGGATGCCATGGTTTTATATGATTTCGATAAG
GGTCATGCTTTGGTGGCTCTTCATCCCAAGTACGATGAAAAGAGCGTATTTTATGGCCCTTTTGAAGG
TTAGTGTACATTATATTGCCACTTTTGTTTAAGATTTCAAACAAATAACCCATAGTCCAACATGTTTT
ACGAAGACTCGAAATTCTTTTTATCAATTTTAATGAAATCTGTGTTTTGAACTCATAAAATGAAAGAA
CATGATTCAAGTCATATGTGGTGATTTTATTGTTCATATATGTGACTTTTAACCATGTTTGAGTGTGT
ACTTATAGCCTCATTTTGCGATATGACTTGCAGTATTAAAAATGGTCCTTTTTTTTGGCAATTGGTTT
TTTTGGGAAAAAAGGTATCCAAACGGTTCAAATTAATGCCCTACGCTATATCAAGTTTCAGTATGAGT
GGTTTAGCTGACATGCCATTGGTTTCATGCATAAAGGCAATATATTTGTTTTATCTGTTTCTTCAACC
384 
 
ATTTCAGTTTTTGAGGATTCTTTAAGAAAATGTGTTGCCTTCGTTCTGATCTTGAGTGAAGAAATTTG
AGACACCAAAGTTATTAAAACATGACTGTAGGAAATAGAGAAGTGCTAATTTACTTCTTTGTGCACAA
GCTTAAATATTTTTTACTCGTTCTTTCACACAGATGAATTTTTGGAGGAGTTTGTAAAGCAAAATCTG
TTACCTTTGGTCGTGCCCTTGAATCAAGAAACACTAAAGTTGTTAAAAGATGACCAGAGGAAAATTGT
TGTGACAATCATGGATGATGAAAATGATGAAAAAACAAAGGACTTTGTCAAACTATTGAAGGCTGCTG
CATCTGCAAACCGTAACCTGGTGTTTGGTTACGTAGGGTTCAGCCAATGGGAAGAGTTTGCTGAATCA
TTTGAAGTCACTAAGCAAACCAAATTGCCAAAAATGGTTGTTTGGGATGGAAATGAAGATTATTTATC
AGTAAGTTCAATTATTCTTGAATTTTTTTTAGACCATTTCAGTTTTTCAGTGTTGCTTTTTAAAGCTG
TGATGGTTCTGCATCAGTTCTTCTGTAGGTACTGTAGGAGTCGAAATTAATATCATGAGTAAAAGATG
TCTTATATGTCATGCTTAGCTGAAATATGATTCTAAACATGAACGGGATCTTGTGGGAGATTATGTTT
TTGTTGGTAAATATATGCTTAATTACTGTCCAACTTATGTTGCCTATGTGGCTTGCCTGGTAACGTCC
ACTAGATTGCTAGTTTGCTATTCCTTCGCTACAGACTTTGTAATTAGATTACTGTCCAACTTACTGTC
TATCTCAGCTTTGTAGTTTTGAGGTTTTCTTTCTCTTGTGACAGGTTATTGGTTCAGAGAGTTTCGAA
GAAGGCGATATAGGATCTCAAATCACGCGATTCCTCGATGGGTACAAAGAAGGGAATGTGATTAATAA
AAAACTTAGTGGCCCGTCATTTATGGGGTTTCTCAAGTCGTTGTTGGGAGTTAGAACCATTTACATTT
TCATTTTCCTCATTGCCACAATTATGCTTATACGAAGCATCAGCTCAGAGGAGCCTTTAAGAGTCGGT
ACAAAAGAGCAAGTTGGTCATGAAGAGAGCTCCAGTTCTCAGGATGATAGCAGAGAGGCGATCCAAGG
GTCAGGGAAAAAGGAAGATTAGCCGCTGCTTCGTTTTCTTTTTAATTATTGTTTTCCACTTCAACGGA
GGGGAAGTTGTAAACTTACCGTTTTGAAGAAAGAAAAACTGTTAGCACATCCTCTCTAACTCACCTTT
TTAAGTTAATGTGAGTCTTGTAGAGCAATTAGCGTTCACGAGACAACTTCGTTATAAATTTTGGTTTC
TTAATTTTTTTTATGTAATTTATATACCGTCTGTTTGTTTAACTGGTATGTTTTAGCTCCACAGGTGT
CTTAACAAAAGTTTTCATTGTGTTATGTAAACAATGTTCTGTAACATTTTCATATACAAGAATAATTT
TGTAACATATTCTCTCAATCCCATGAACATTTTCAGATGAAATTCGTTTTTTTTCTGAATAGTACAAA
TTTACAAAACTTTTCAAGGTGGGTTGGGACTTTTCCTTGAAGAGG 
 
PvG6 (+/-) 
TTCTCCTCATTCCTCCACATTCCAAAATTCATTTATTTTACACAATTAATTTAACGAATGACCAAGGT
CTTGGAGCTAATGAAATGCATAGCAGGTAAAGGAATAAAAAACCGGCACTCTTTAACTGGAAATTCTA
CAAAACCGTTAATTGAGTATTCTCATCAATCTAAGTTTTTATCAGACATTTCAAAAGAAAGCTAAGTC
TTTATCAGACATCAATGCCATAAGCAAACACAACAACAAACTACAATTACACTTAAAAAAAATTCAAG
CCTATAATTTAAAATAACACAAAAAAAGGTCAACATACGGAAAAAAAAACCACACGAGCTCTTCCTAT
AATGTACAAGCAGCCTGACAAAATCAAATAGAACTGAAAAAAAACGATGCTAAGGTGTTTCAGAGGAT
ATCGAAGATCTTTTGCTTGGTCCTTCATGCATGTACCAACACCTTGCTATAATATATACCAACAGGCT
TCCCATAATATATAGTCAAAATCAACATCCTGGTAGTGATTGAGCAGAATTAAACGGAGAAAAAGTCG
ATGCCGACTCACTGCAATGAAGAGGGTTTTGTTGACGGCTTGAGGACCCAACATAACTGGACCCCACA
TAACTGGAACCATCCATGGGACTAGGTATATATGGCGACATAAATCTAGTATTGAGTGGCGAAACTGA
AGGATAAGCCATAGAGTAAGGTGTTATTAAATGAGAACCGGAAGATCTTTGCGAAGAATACGCGTTTC
TAAGATCGACCGAGCTCCGGCTCACACTCAAGGAAGGAGATTGTCGGAAGGAGGATTGTAAAGAGTGG
TGCATATATGGAGTACTAGTTACAGATGGGGATGAGCGGTATGAAGATTGGGCAATAGATGCGGAGTT
TATAAGGGAGCGTGATGGGGACAAGCGATACGAAGATGGGGATATTTGTATAGCTGCGGATGAGTGTA
GTGATGATGTGGTGGAGGAAATTACGGAAGAGGAAACGAAAGAAGGCCCAGGAGAGAGGAGAGGGGTT
CGCTCTGAGGCCGGAGGTTCACCTGTGCAAGTTCTGGAATCGCGTTTGCATACGGGGCAAAAGGTTCG
CCATGTGGTTAGCCAAGCATCTACACAAGCAGCATGAAACCCTGTCGAGAAAAAGATTAGATTATAAA
ATCGCCATTAAGTAACAATCACTCAAATCAGAACCATAATAAGCTAAGGCGACGTAGTAGCTCACAAG
ATTTGATGGAAATATAAATCACATTAAGGACCAAATCATAGCTCACAAGATCAAATGGAAATATAAAT
TACATTAAGGATCACATCAAATCAGGAATTTTGAGGGTCCGTCTATCAACCCAATAGAAGGGAGACTA
CGTTTCAAACCAAAGGCTCCTAATTACCAATTGATGTGGGACAAATAATAAACTGAACCAGAACAAAC
TCACATAGAGTCTGGGGGGATGGCTTTTTAGAAATAATTTCTCTGACATAAAGATTCTCCGTAAATTA
AGCATATGTTCTTTAATGCCCCCTAGAGACTACATACGAGCCTATGTGGAGACGGGATAGCACTACTT
TAATAAAGAAAGGAGAAGGGTTCGTTTTCCCCTGATTGTGCAATTGATATTATCCTTTCACTTTTTCC
TTTTAGGTGGGGTTCATCAGAAAATGACATTCACGGTAAAAATATTTTGCTAAAATGTTTACAATCCA
GGCTTACACATTATCAAAGAATAATCTTATCATTGAGCAACCTAGCATATCACTATATGCTGGAAATG
TAAACAAGGCACTGAAAGTTTCTCCCTAATAAAAACTGTTTCTGTAAAAGAAAGATAAAATTAACTGC
TTTTTAATATTACTACTGGAAAAACTCTTTAGTTTAATAAAATTTTCGAACTATCACAATGTAAGAAC
TTGCATTCAACATATTACTACACACACACACACACACACACACACACACACACAAACAGTTATAGTAC
TCAATAATTGGAAATACCAAAATGCTCATCGTAGTTGGCTAGCAAAAGACCGATAAACATACTGTACA
ATGATTAATTAGGTGGCAATGGACCCTCTACACTTGGCACTTGTCAGTTTTTTATTCTACGCATGACC
CACTACCACCTACTACTTTGCAGTTTGCACAAACCTGCTTATATGTGTGATCTCGTACAAAGCATATT
CACCTACTCATTTTATAATATATCTTAAACAAAGCATATTCACCTACTCATTTTATAAAAGATTTAAA
TCTTTGCCTTGAACCATATAGATAAAGTTGGTTCAGTTTATCTGATCTCATATCGTATTTGAGAAGGT
CACAAGACTGAAAATTCTAAGAAAACTCCTAGACGTATTTCATACTTGGAAAGGCATATCCGTTTTAT
385 
 
CTGTATCTGATACTCAAATTACATTCAAGAGTATCTTTCCGGTTATAGAACCCCCATTGTTCTCAATA
ACTAAATGCTCATCTAATTAATATAAAATTTTTTGCCATTGTAAATGATAGATTAGGCAAAACCACAG
AGAAGAGACTCACTGTGATGACAAGGCAATATTCTGAGTTTATCTCCAAATTTATAATCTTCTAGACA
TATCGCACAAGTCTCCGAAGTACTACTTTCGTTAACAACCACTGCAGTAAACTTAAGGCTTGGCATTG
CTTTTACCAAACGACGGCTCATCCCTTGATATTCTCGAGAATGAGAACCTCGGTTTCTCTCTCTCCTA
ATTCGGTGTTTGCGGACAAAGAAACATGTGGCGAGCACTGCTGACATGGCAAGCAGAGATATAAATGA
TATAGCCATTATTGACCATGCCGAGTTCTCAAAGCTTGGGATGATCCAAAGTTCGAAATTGCTACTAT
TAGCATACTTTCTGAGGGTTCCACCGGACGATTTCGAGACAAAAACTGCGTGTATTTTTATTCCCGCA
GCATTTCCGGCCACTGCAATGCCAAATTTTTGATTATTCAGTACAATCAATGCATGGTCACAATTTAT
TTATTTTTCATACGGTAAAAGAAAAGAGTAAAGATTAGGATCATGTCACTGACATAAAAAAACATTTG
AGAGAGGTCATGGCTTTGGACCCAAACTCGGCATTCAAAATTAGTTTAGAAATAACTAGAACAACTTT
CTATTCCAAAATAAGCAAAGACAACAGTGAATGGGAAGGCAATATGCAAATTGAGATCCTTCTAACTT
TATGCCACTCGGTAGCACAACAAATCTGAGTGTTTAGCGGAATAAAAGAAGGGTCTATTTTACAACTT
CTATAGGAAAGGACCGATTTGGCTTTCTAAATAACATCGTCTGGGAGGATTCTAACCAGAAAAAACTT
GAATTAATTGACAGTAAAGAGTACATTGCATAAATGAAACTTTAAGATGTAAAAACAAACATCAAATG
CTAATCTGCAACAACTACTCTATAATTTTGAACTCTTGACGAAGTATAAGCTTTTCTGAGAAGTAAAT
ATAGGAAAATGAGAACGTTTGCTCAATCAGACAGGAGTTAAAACGGTCCGTGATGATAGTTTTAAACA
CATTTAAACAAGATTTTACACGGGAAATTGATTATACCTCAGGATAATAAAACAAAGCTGGAAGAAGG
GAAAGACAATCAGCCAATAATGTATGACGTAACGGTTCGATTACATTATTATTTTTTACCATTGTAGA
CAATAATAATTATATAACGGAAAGCACTATCATAGTTGATATTGGTTAAAAGTCAAAACTACCCATGC
CATTAACTACACTAAAACTTGCATGATGTTTCTCAGAATAATGACAAATTTACATTTCATATTATTGC
TAGATGGTGATATTTTAACATATTGGCAAATAACAAATAAACCTGAGTGCATTGTACCATGGAATATA
CTTTTGCGGAACAAACACTCATTTTATGCTTTATGTATATGCTAGAAAATAAGGAGAGATATCAACTA
CAACCATGATACCATTAGATTTAGCCAGACAACTAAATCTAAAGGGCGGAATTTCAATTTCCACTAGT
TACGATGAAACTTTATCAAAACAAATAACGGGGTTTTATGGGGCAAAAGCACTGATATTCTATTGCCT
ACTTGTACCCATAAAGATACATGGCCATAAATAATATACCTTTATGTTTCCTAGTCATGCAACAACCT
ATCTAATTAGGTTCTTCTTCTCCCAAGAAAACCAAAAAGGATACGACTTTTAAAATGATTAACTATCA
ATTCGGATATGGAAATCAACCTTATCCAGAAAGTATATGCTAAATCAAATTTCTTTTATATCAACACT
TCCACGTAAACTCTAATCAGAAGCTAACTCTCTAGAAGAGAAAATCATAACTTCATTTTATAATAAGT
AATAACATCACTATTCATTGCTAATTGCCTGATTGCATAATAACATGATGAGACCACCGTAGCGCAGT
CAGATAGACAGTAGGGAATGAATAGCCTCTCAAAATCTATTAAAGGAAGCATGTTAGTTTCTCTAATA
AATAGATTTCAAAGAAAACTTGCAGCAAGACAGGGGGTCAAAAAAAAGTTACGCAGAGAGAATATATT
GTATATTCGCATGTGTGAAAATTATAAGATCATATGTGCGTGACACTACAAAACCAGTTTAGGTAACT
ACTTAGACTAATAATAAAAACATCTTTCGGCTTATCCGAACATACTCAAGACATAAACTAACATGCTA
CTCCCAATCTTCTAAGATCTTCCTAGACAATGGATAACTTAGATAAGCTCATAAGAACAATATTTCCA
CATGACTTGCCCAAAATAGAATACAGTGTTTGACAAAGAGAAGAGCTCTTACTTGCGACTAAATCACC
ATCAGCATTGTCGTAAATGATGGCCGCTTTGAAACCAGCAGCTTGTGCTCTTCTCACTTTATCCTCAA
AGCTGCAGTTGCCTCGAATAATTAACACAAAGGGAGATTTTTTGGCCAGGACATTAGATTCCACCTTA
TTTAGTAAGGGTGAACATGCATCTCGAGGCTCTGCCACAAACAATATGCCGCATTCACCCGAACCTTT
CACCGATGGGGCTTCAAAATAGTATAACAAATAAAATTAAGTGGGAATCATGTCCCCTTTTAACAGAA
ACATAATATTAAAGTTAATGAAAACAATTGAAGTTTTCTGAAATCAAAGTGAGTATTCACGAATATAA
CAAGAGTCCAATACTTAAAGAATGGTTAGGCATTGAACGGAGTACCAGTTTGGACTAACCAGAATGAA
AATTAAAGCTCTGATGAAAATAAGTAACTAACAACTCGGAAATTTTAATATAAAGATGAAGTTTTCCA
TGAAAAACTAAGAACCCAACTCTGGAACTTAATCAAGGATTACCTAAATGCTATAAGACTAACCTGAA
CTTAACAAAAGCAAAACACTTGTGAGAATTACGATAACATTCACACAGTTCACCAAAAAGTGAAGTTT
TTTCATGAAAACAACATATACCAACTCTTGAACATAGTGGAGCGTAAATTCAATACATTGAGAGTTAC
AACCTAAAAAAGCGAAGCACTATTACGCACTATATCACATACAGTAGGACTTATTTGGCTGAAGCTTT
TAAGCTAACCAGCTACCTTCTTTGAAGTTGAATATATTCAAAATTAATAAAGCTTAAACTTCTAGCTC
TTCCAGTCTAGAAAACCAAAAAAAAAAAAAAAAAAGTTTTAAAGTTTTAATCCAGCTGACCAAACACA
CAACTTATAACTAAAAAGCAAATAAGCTGAACTTAAAACAGCTAAAACCAAACAATAGCCCAATAAAA
AACTGAACTTGACAGTGTTAAAAAGAATAGCTCAACTCTCTTATAACATTCAAACTAATCCAAAGTTC
ACACAAGGAGAGAAAAAAAACAAGAATTAACAATAAACCCAGATCATAAAAACAAAAAAGATCACAAC
TATAGACACTATAGCAGATAAAAAGACAAACCCATATGTAAAAATATAAGATAAAGTTGAAAACTAAC
CAAAATTAGCTTCAATATCCTCAAAAGATGTTGTAACATTATTCCCAGTGAGCACTAAATTTCCCATA
GCAATATTAAAAAACACTGTTAAAAATAAAAACAACCAAACCCAAACCAAGGACCTTCTCACCATCGT
CACCCACACAATTTTTTTTTAGAAAACCTATTAAAATTTAAAACCCACCGAAACTTATATAAAAAAAA
GGCCACAAAAAGGTAAAATCCGTTTAGGAATAGGAATTAGGGTTTTTTATTTTTTTTAAATGGAAACA
TCAGCTTCCATCACTTTAATTTTTTCAAAATTTCATATCTTAATGTGATTCAAATCTTGGGCCTCTTT
TTTTTTTTTTTTTAAAAAGTTTTGTTTGGTTTTTTCCTATTCTGGGAAGCGTTTTATATTTTTTTTGG
TTTTGCTATTAATAGCTCTAATGTTATTGATATACATGATTATATGGATTTTGTTTAAGATAAGTCCC
CATAGTTTCATTGAAGTTAATTTGGTCTCTTTAGTTTTATTTTATGTATAATAGGTTTGGAGATTTAT
386 
 
ATAAGTTAGATAAAAGGTCCTTGTTGTTATGGATGTAAAAGTTAGTCTGAACGATAAGATCAAGCATC
CCAAGTTACTATTTTTTTGGT 
 
PvG7 (+/-) 
TAGCATTCCTCTAAAAAATAATGACCCCTTCTTGTTTTGTAAATTTGGTTGGATAGATTTAAAAAGAA
ATCACGAATTTCAAAACAATATCATCTTGCTTGCACATTCGAGTCTAAGTTTATAGCCAAAACAATGA
GTATAGGAAAGAGTGTCACGTTGTTTTCCAAAAATCACCCGATGATATTGGGAGTTTCTTTTACATAA
AACAGTGGTAGCGTTAAGCTTTACATGAACCCAGATATTTTTATCAACCTAAAAACCCCGCGATTTCT
AACCAACGAAGCCCTGGAATTTCAAAACTGACGAGTAAAATACTTCTATAACCAAAAAGTTAACCACA
CCAATTACAATGGGGTAAATAACTAAACAATTTCATTGCTAAAATGCTTACTTCCTCAAGCTACTCAA
TAAATCCATAAGACAAGGATAGCAAATGGAGACATGTAAAAAATATCCGAGGACTAAAACAAAAAAAG
AGAAAATTTTGCTAAGTTACTCTATTCACTTCTCCAAGCAAACAAAAGCAAAGAGAAACCGGGATCAG
GTGATTGAGAATCATTGAATCTTTGCGACCATGTCACAGTGTGAAAATTGCCGAAGAAAGGTTGTTGG
CTCTTCTTTAAAACATCTTCAGTTTTGAACATAAAGACGGCATTTCCAAGTGATGTACTGAACAACCA
GTTATAAACATCCCAAAACAACTCCACTGCAATGCCATCGACTAGGATAGTGTGATTACCCCGGAACT
TCCATTGTAGCTGGTTCACTTTTATAACCGCTTTTGTATCTATACATACTACTAGGCATGCGTCATTA
GTCCTATTCGTGTGATATTCGATTGAAAGATCATGTACTTTACCTTGGTCACAGAATCGAGCTTTCGT
ATTGAATACTTTTTTACCAAAAATGTGCTCTCTTTTGGAAATAAACATAGCATTGGATGGAAAACTGT
TCACATTCATCTTCTTCAAAGCTTCATTGTTCATGTCTCCGATAAGAAGAACCAATTTTTGTTTCGAC
ATGATCGCCAAATAAAAACCCTCCAAGGGTTCCGGTCCATTTCCAAATTTTGCCGACGAAAACTCCCA
ATAAAAATCGATTTTACTCGGACACGCTTCTACAGTTTTTGATCCTTTTTTTTTAGAAAACAGCCAAG
GTTTTATATCAACCTTGCATAGGCATTGATTGGCATTGTCATCAATAGCAATTCTAAGGCCATGAGCC
ATCAAATTCTTCCTCCAAGTAATAGTTATAAGGCACGAACGACCTAACAAACGGCATTGATATACACA
TATCACCAAATTTTGAGAAAATTTGCTAGAGGTTGATGATGAAAAATCAGCAACTTGCACCGAGTTTT
CGCTGAAACAAGAAGGAAAATCCCTCATATTGATTTCCTTTCGGCGATCCTCTCTCCAAGGACTTTTC
AAATGCACTTTTGGGGTATTCTACAAACAATATAACTAGGCTCAAAATCAACTGTTAAATACGTAAAT
ACTAATGCATACCAAGATACTAAAGGAAAAATGAACAAGAAAGTACCTTAATTTATTAGAGATGATGC
AAAGCTGCAACAAAATCTCTCATAGTTGAATTTGATCGAGTATAGGTTTCCACATCCATTTCCGCAAA
ACCGAAACCGGTAAAACATTGAAAAATTGGGTCTTCTGTTTTCCAATTTAGAGAATAAAAATGTGTAA
TGTGGAGAAAGCAAATATTTGAAAAGTTAGATAAGAGAGACTTGGTTACTCTTATATGGGGAATAAAT
TGGTTTTTTAAAATCTGAGAAAATAAATAATAAAACTGCTGTGAAAGAAAAGTAAACAATTTTTAATG
AATTTTTTTTAAATTTAAGAAAAAATAGAGTTTGAGTAAGGTACAATGCTTT 
 
PvG8 (+/+) 
ACTCGGAAGTAACAAAATTAATAAATAAAAAAGTGCAAAATATAAATTACTTGAGTGTTAACTTGATA
TAATATTATGATTATAAAATATTTTAATTTTGTATTTAGTTTAGACGGAAAAAAAAAACAGAGTAATG
TATTAATTAATAATGTGATGGAGTGGCTAAATTTATTTATTTTGTAGATAAATGAAGTGTAAAGATAT
ATAATATAGAGGTGCTAGAGTTATTTATTTTGTAATAAAATTAAGTGGAATAAATTAAAAAATAAATA
AAAATAAATAAATGACGTGACCTGCTTTTTTTTAACTATCCCCAAATAAATAAATAAGTAAAATGATG
TGATGAGTAATCTCCCTCTTTTATCTCTTTCTCTCTCCTTTTTTTTTTATGCGAATGTAGCAAAAAAT
CTCAAGTTTTATGAGAGATACTAGAATAAGATCGTCCTTTTCATGACCCCATTTTTTCGGGTGTCAAA
AAGATAATATTTTTAAATAGAAATATGGAGAAAAAGATGACCCATATTGGAGAAAACTGTTCTGAGTT
TGTTGAAGCTGATCCCACCGGAAGATATGTTAGGGTCAGTATGTATACATTATAATTTATAATTTAGA
TGTATGTATATATATGTGTGCAGTGGCGGAACCAGGATTTGGATGCGGATGGGGTTGAATTACATGTG
TATACTATGTTGTAATTAGGTCAAATGATCATTTAGTATATAATTTGAGACTTAATTTTCAAAAACCC
ATGATTAAAATCTATTTTAAACTTAGGTACTTAGGCTCAGCGGCGGAACCAGGGTTGTGAAAGGGGGT
TGTTTATCTATGAAAAAAAATGTATACCTTATATGAAGTTATTTTACGGAATGGGGGAAGAAACACTA
AAATTTAAAGATTTTGATCAAAATACATAGAAAAATCTATTTTTTCATAATTTTTTTTTTCAAAATGT
GGGGCTGCAGCGCCCGACTGTGCCTACCTAATTCATTTCATGCATATGCTACGTGATGCTACTTATTT
TTACTCTTTGTTTTTAACTGCTACGTTAATATGTGACAAATCTTAAGTAAAAGTTGAGAATGTCGGTT
TTTGGTTATTGTGCTTTTATGTACTAATCAATAATTCTCCCTTGTAATTATGGGGTGGTGAAAGTTTA
TAATCGCCAACTTTATAGCAAAATACATGTTTTTTTTTTGGGTTTTCCTGAATGTGATACATGGCTAC
TCCCTTGTGTGTGTTTATATATATGGAGGTTAATTTATGGTTTTCATTTTTTGTGATTGCAGTACAAA
GAAATACTTGGAAAAGGAGCTTCAAAGACGGTGTATGTTCCTTTCTATGATATGTACATGAATTTGGT
TAATTTCCAAATGTGTCAATTACCTTGTGCTATTAATGTTTTGTATTTTGAACTGGATATTTACTAGA
TTTGATTAGTGCTCATCTTAAATTTAGCCAAGTTTGGATCTTTTATGCCATTCTCAATCTCCTTTAAA
GGTTTCTTTTGGGGTTGTAAAAGATTTTTCTTTTAGTTTTGCAATTTTTGGTACTTCTGAAAGCTTGT
TTGGTTGCACCTTTCAACATCTTTCTTTTACTTTTGCTTTTTTGCTTATATGTTGTAATGCATTTGGG
GTAACCACCGTAAGCTGAAAACAAAACTTTCTTTCGACTCCCAAAGGGCTACAAATTTAACGCTTAAA
TGACCCAACTATTTCCTCATAAGTGACCTATGTTTCTAAAGCTGCAGCCAAACAATTCCTCAGCAATT
387 
 
TTTTAATTGGGTAATATAAAAATACGACTCTTTTTATTGTTTGGTTCAGTTATAGGGCCTTTGATGAG
TATCAAGGGATTGAAGTTGCTTGGAATCAAGTTAAACTTAACGATTTTCTTCAAAGCCCAGACGATCT
GGAGAGGCTTTATTGTGAGATTCACTTGCTCAAAACACTTAAGCATAACAACATTATGAAATACTACA
CCTCATGGGTTGATACCGCGAAAAGAAACATCAACCTCATCACCGAAATGTTTACCTCAGGGACACTA
AAACAGTAAGCGCACTTGCAAAGTAAATCTTAAGATACTAGATTATTTGGTATCTTATAGTGTAGCCT
CACCATTTTGGATTTTTCTTCGTTTATCTACTAATTATACCTGGGGCCTCTTTGGCATTGGTAACAGC
CTTTGAGCTCGTAATTTGTGCTTTTTGTTTAAAAGTGGTACTGATTTAATTTAGTTTGTTTACTTAAA
ATTGAGCTTTTTACTTTTGCTTTCCAAGCTAGAAGTTTGTAACAGGGTGAACCTGGATTTCTTATCTG
CCTCAGATAAGTCAGCTTCTTTGCTAAAGCCTCACCAAACAAATCCTTAGGGTATTTTGAGAATTTTT
ATCTTGAGCGCAAATTTTGTGATTTTTTGCTTTTACATTGTACTGCATTTTTGTTAGGCTGGTTTGTT
TTATAGTGAATGTTTTTGTTTCCTCTTCTAGCCTTCAAAGTTAGAAGATTTAAGTTGAATGAACCTTG
TTTTTTTCCCAGCCTCAAATAAGTCAGCTTATGTGCTGGAGACCTGCAGGCAAACAAATCCTTAGTGG
GAATTCGAAATCGTATACGTTTCTAATCTGGGTCCACTTTCGTTTTGCTGTTTTTCCCTTTTTCGTGT
TTGAATATAGGTATAGAGAAAAGCACAAAAGAGTAAATATCAGAGCAGTAAAGAGTTGGTGCAGACAG
ATTTTGGAAGGGCTTTTCTATCTACATAGCCTCAATCCCCCAGTGATACACAGAGATCTTAAATGTGA
CAATATTTTCGTTAATGGGAACCATGGAGAAGTGAAAATCGGAGATTTAGGCCTAGCTGCTATTCTTC
GAAAATCGCACGTTGCTCATTGTGTAGGTAATTTTGATCTAGTCCTTCTCGTTAAGAAAAATGTGCAT
TTATTACTAGATGTTAGGTGCAAGTTAAGTTGGAGTTCGTTATTAGATAAGGGATATGTTTTTAATGT
TTCCAAAACTTGTTTTCCGATGCTGCACGGAAACAGAATGTTGGATATGTCCCCAAAGTAGTTTCCAG
AATCTTCATAACAAACTTCCTTTCTTGGAAACTTACAAATTAAAAATAATAGTATCTGCTGGTTTTGG
GAAAAGGCTTTTCGTACATTAGACTGAATTCACATGAAATAGTTTCTAATTAGAAAATGCTCAAAATT
AGCAATTATATTTAGAATTCAAATAAAAAGTTATGATAACATAACTGAACATGTATGTTTAAATTAAA
AATGCCTATCTGTTCCTTTAACTGTGGCAAGAAGTATGTAACCATAGCTCCAAAGCCATGAAGTCAGG
GGGAAAAAATTACATGAAGAAGTTTCTGAAATAGTATTGACGTTTTTTTTTTATAAGACCCAATTCTG
AGGCATATGAAAAGGTGTTTATCTCAGGTTTTGTATTTGTAAGAGAGAATAACACGAGAATAATATAA
TTTGCAAAAGCTTTGTTATGGCAATAATTTAATGATCTCTCCGAACTCAACAAACTATACTTCGTTTC
TTTTATGCATTGCTTGTTAAATTAAGATTGGATCGCTTTTTAAGTGATTGATCGAATGTTTTTCTTTT
TTGGGAAGATCAGGAACACCCGAGTTTATGGCCCCGGAAGTGTATGAAGAAGAATATAATGAATTGGT
AGATATTTACTCTTTTGGAATGTGCGTGCTGGAAATGGTGACTTTTGAATACCCGTATAGCGAATGCA
CTCATTCTGCTCAGATCTACAAGAAAGTCATTTCAGTAAGCACCTTCTCTCTAGCAATAATATTTGCA
CAAATCTCTACCCGGTTGTTTAGTACGAATGTTGCTTAGGGGACAATGAGCCGCATACCTTTTTTTTT
TTTTGGAAAAAACAAAACAAAACAATCATTATAAAAAAAAGTCAAAATAATTGTACGAGACCCAATGC
CCAGTCATCTGTGTATACAGATCCATGTAGAAACCTATCTATCGTTTTGCCCTCCTTTACTCCTGTTT
CTATCTTTATTGATTTTAATTTCTTTAGGGGGAAAAGCCAGATTCCTTGTACAAAGTCAAGGATCCCG
AGCTACGTCAATTTATAGACAAATGTTTAGCCAAGGTGTCACTTAGACTCTCTGCGGGGGAGCTTTTA
AATGACCCTTTTCTCCAAATTGATTGTGAATCGGATTTACAGCCGATGGGATCTTGGAAAGGAGATAA
CGAGCTCTCTCTCTCAAAGGAGTCTTCCTGCGAATTAGATCATGACAGAATTTCAAATGGCAACCGAA
CTTTGAGTGATCACTTGAACGTTGTCAACTTTGGATCTGCTGGTGAAGAATATGGTTTGACAGACATA
GAACAGCATGGAGCTGAATTATTTCCGCACTCCAATGACGAACTAGAGGAACATTTGACAAATGTGGG
GATAGCCATGAAAGGGAAAAGGAAAGAAGATGGTAGCATCTTGTTAAGACTTCGAATTTCGGATGATC
AAGGTCAGGATCGTATCCAACTTTTGGTAAAGTTTTCAAATATAGTTATGAAATTTATTTTTCAACAT
TTTATTGGGTTAATTACAACATTGTCGCTATCATTTTATTCCAGTTTTGCTCACGAACCTATAAAATT
AGCAATCAGCACACCAATCGTAAATTCCTCAAGGGTTTGGCACCCTTGGTGTATTGAATCAAAAAACG
GCGTATATCTGTTACTAATTTAGTTACCTAAACCCAAAACTTTATACATCATTCTATCACGTGTTTCA
TTTTTTCTACACTTTCTATCATGTTTTTTTTCTATAGTGATAACTAATCTATGATTCTTTTCCTATGT
AGTGTACAAAAGCCAAAAATTATTGCTAGGTTGGTGTTCCATTTAAAATTTGTCCTACATTGAGACTC
AACATTGAAAAAATGGTACAAAGATTTTGAGTTTAAACAAAAAAAATTGTTGTTCAAAATTCTACTTT
CTGGTGCACACGACAAACATCCTTTTAATCGTCAACTTTCAGCAATTTATTCCTCGAATTGGAACTTA
AAAACTTAATTTCCATTTTTTATTAATATTCAGGAAGGATAAGGAACATCTATTTCCCATTTGACATT
GAAAACGATACCGCTCTAAGCGTAGCGACAGAAATGGTTGCGGAACTGGATATAATCGATCAAGATGT
AACAAAAATAGCCGATATGATCGATGTTGAGATTTTGTTGTTAGTACCCGAGTGGAATCCCGGGCCAG
GTATTGTTGAAATTCCCCGTACTTCTAAATCAGTTTGTTGCCAAAGTTGCTCATCCAAGAATAGTTCA
GACGGTTCATTTTTGAAGTTCTTGTCTAACACTTCCGTTTCACAAGAGTTGAAGATTTTGCAATGTTC
GGGCAATGGATGTGCAGCTATGCATGGACGGTTTGAACAAATCACCTACCAAATTGATAGCCCTCGAA
AAAATCCTTCCAAAGATGTAAACAACCCCAGTACATCAAACCAGGTAAACAGGAGAGGAATTAGGCAG
TGACGGTCTCTTTATTTATAAATGAAACATTTTGCAAGTACTGTTATACATTTACAACAAATGTGTAT
AAAAAAGTGATTTGGTATCATTCATAATAATATATATATAAATGTTAGTACTTGACAAGTTACTGATT
CTGCCACTGCAGGTAACCAATAACTATAACCAAGCAAAAACTTTGGATAGGCATGAAAACCTAGAGTG
CAGTACGCATGGCTTGGGAGAGAGCTGTTCGGATGGGGAAATTGAAAAAGTGGATCAAATAATTTCAA
GCGAGGGTAAGATCATCAAACACAAAGAATTAATGGAGAGAAATCGTTCTTTATTTGGGAGAAAGTTT
ATTAAATCATTAAAAGCAGTTTCTTGTTTCTCAAATGACTTTTCGGGGAGATACGAGGGAGAGATCCA
388 
 
GCAGGAAATCAGATGGGTTAAAGCAAAATATCAGAGAGACATGACAGACCAGCAGTTGCGACTCATGC
AAAATTCTTCGATACAAAAGAGAGTCATTAACGGGGTATCACCATTTTCGATATCAAACCCTTTTCAA
GGTGAGATTATTTCAAAATCTTTTTCGAGCGAAAGAAAAAAAGGTCCCAAACCACCTCGAAATCCGGG
ACCTGCTAAGAGCTTTCACATAGAGCCTTTTGTTCCCAACCCTCTTAATAGATCAACATCTCTACCAG
TTGATGCAATGTTTCCCTTTGGATTTCACAATTGATTCTATCGGGAGCAACTAAAACTCATGTAAGAG
TAGGATGAGGTTTGTTTTTTATTAAGAAAGGAACAATTATGATCATCGATAAAATTTGGTTTATGATA
CAAAATGGTAAAGTCTTTTGTATAAATATGGGGTCACTAGTGGAGCTCTAATGCCATTATTCACCTAA
CTAGTTTCTTCACTATTATTCACTAACTAGTTTCTTCACTATTATTGTCAACTAAATGTAGTTAGGCA
ATAGGTTTGAACTGGTTTTTATCTCAGTTCTTGCCATAACTATTGCTAAATCACAAGGACCATACATG
TATAATAGAGAGCAGCCTATCTACCAAGAGGGTACATCCTTCTTGCCTTTTTGTTGTGTGTTTAAATC
ATTTTTTGTAAATTCTTCATCTGTTGTACACTACATGAGAATTTTTTCAAATGTTATCTTTTTTTCCT
TTACTAACTTGGTAGACATGGGGAAAGGGTTGATTGTTGAGATGTTATTTTTTAGC 
 
PvG9 (+/+) 
TACATATATATATAATATATATATATATATATATATATATATATATGATAAATGTTATATGAACATCA
TGAAAAACACCAAACTAGACATTTTTTTTTAAAAACGCTCCAAATCAAGATTTGGTTAATGCAAATCT
CAATGGTTTCACGACGGGAACATAAATATATATCTTCCCCATATATATATATATATATATATATATAT
ATATTGCGGGTTGAAACGAATTGGCACGGATTAACCCGCGATTTGTGAACATCAACCTTAACCTAACC
CGCAAAATATATAGCGAATTGGGATGAGACAGATTGATTTTTTTTTTTACACTCAACCAACTCAATTC
ATACGGGTTGGGTTACGGGACGAATTTACGGATTTATTGTAACCTTGTTACCACTACAGTTCTGTTAC
CACTACAGTTCTGTTAAATAGAGCAAAAGAAACACTTACTATATCCATACTTCAATAACCAAACAACT
TATTCAATCTCCATAGCAAAGCTAATGGCTGAATCCTATGTTATTCCTCTCCTTATCCTCTTTCCCTT
TCTTCTGATTTTTCTCAAAATATATTCGCCATCAAAATATTCCCAACTTCCTCCGGGTCCAAAACCAT
GGCCGATTATCGGAAATTTACTTCAAATAGGGAAAATACCCCATGTAACGTTCTCAAATTTTTCACAA
TCTTACGGCCCACTCATTTCAATGAGCGTGGGAAATCAGATCTTGATCATCGGATCATCCCCTGAGGC
AGCAAAGGAAATCTTGAAAACCCATGATAAAATACTATCCGGAAGACATGTTCCTGATGCTTTACCAT
TCAAAAAACAAGAACTCAATTACTTAACATCGGGGCTCTCATTCGAATGTAATGACCATTGGAAATCT
ATACGCATTCTATACAAAACCGAGCTGTTCTCTCCGAAATCCATGGACATCCATGAAAGCTTGAGGGA
AGAAAAATTATCTAACATGGTTGAATACTTGAAGTTGATGGATGGTAAAATGGTGGACGTTACGCAAG
TAATTTTCTCTACTCAGATAAATATCCTGAGTAATATGTTTGTGTCTAGGGATTTTGACAAATATGGT
CAACTTAATGAAGAAGATGGAGGGATGCAAGGCTTGTTAAGAAGTTACATGGAAATCTGTGCTTCACC
AAATCTAGCTGATCTTTATCCATTTTTTGGAAAATTTGATCTTCATGGTCTGAATAAGAAAATAATGG
ATGTGATGGTGAAAGTTTGGGCTAAATGGGAACCTATTGTTAAAGAAAGAAGAGAAAGCACAAAATCT
AATGAAGTGTCAAGCCAGCAAGATTTCTTGGATACTCTTCTTCACAAGTCATTTAGCAACGATGAGAT
CAACTATTTGCTATTGGTTTGCTCTCTTTCCTCTCTTTTTGTGTGAAACCTAATCAACTAATAATCAT
AACGTCCTTACAGACTAATATTTCCGTGTAGAGACATACAAAAACAGCATAATTCTAAGATATTACGA
CGATAAATTTGCAGTACTTTTGGAATCATTGTGTTGGACTTGGACATGATCAGTTGTAATCTCTTTCG
GAGTGGGAGAACAAGTTGTAACCATTTTTGTAAAGCCATACAAATTACATACATTTAAACCTTAACAA
CTCAGTCGACACACTATAACATGATGCATCTGAAAACAAAGATTAACATCTCATGATCTCAATAGTTG
ATTTTTGCAAATGGAAAAAAATTTAAAAATTAAGAAGGCCATAATATATTGTGTAAAATTAGATTATT
TGATCTTAGAAAGTAGTGGAAATAGATTTCTTTTGATCACAATGAAAATTGTCAAAAAAATTAATCTA
AATTTCGTCTTTAATCAACTTAGTCTCATGTTCAACTTTTTTTCTTGTCATGATCGATTTTGAGATGT
CAAAAAGTTCAATTATACCCTTTATCACTTTTTGAAAAAAATCACGCCTTCAAAACAATAATTAATAG
AATTAATTTTAAGTGATCTTTTCATCTGTTCTCCTTTACCATGCTCGTGCTATTTAATCGAGAGTTAT
CCTCCTGGATCATCAACAATCTAGTAATTGCACTCTCTATTTTTTAGGTAAAAACACTACAATTTAGT
AATTTTATTCAACATCTGACCCTAATTCGATGAAACTAAAGTGGAGACTCAAATTGAAAAACTTAAAG
CGTGCATGGATGCCAGAATGGTAAAATTTGCTAGGCTGGGTTACTTAACAACTTTTTCCCCTTAACTA
AACGTATACAAAATTAACATCAAGTATGTTAAATTGATTAATATGTTAACTTATTGTACAAAATACAA
AAGCATAACCATATGAATCTTAATTAGTTAGAATTTCCACGACAAAAGATCATATACTAAGTAAAAAA
AATGCTTGAAGTTTAGAGTTGGTTAAAAAATTTATAGTTTGTTTTACTTTGTTATTTGACTTAGGTAT
CTAACAACTTGAAAACTAAAAACTGAAGTATTAGTAGCAAACGTCATAAGAAAATTTTCTCTACTTTC
CGGCCTTTACCTTGTTTATCGTAACCAAATTAAAGGTGCCTCTCAGGAGCTCTTCGTCGGTGGAGCAG
ACAGTGTAACATTGGCATCCGAGTGGGTGATGTCAGAACTGCTAAAAAATCCGGAATGCATGACACGT
GCACATAGAGAACTTGAAAATGAGATTAAAGGAATTCCAAAACATTCCCATCTAGAAAAATTGACGTA
CCTTCAGGCATGCGTGAAAGAGACCCTCCGGTTACACACTCCTGGACCGATCTTGCACCCTCATCGAG
CACTAGAAACTTGTAAAGTGATGGGTTACACAATTCCGAAGGACGCACATATGATCGTGAATGTATGG
GCAATTAGTAGAGACCCAAGTATTTGGGATGACCCTTTAAAGTTCAAACCGGAGAGATTTCTTAATTC
CCAATTGGACTTTAAAGGGAATGATTTTGAGTACATACCATTTGGTGCCGGGAGAAGGATGTGTCCAG
CATTACTTATGGGTTCAAAGATTGTTCCTATTATTGTTGCTTCACTGATCCATAGCTTTGAGTGGTCT
CTTCCGTTTGGTAGGAATTCTACTGAGTTAGACATGACGGAGAAGGTTATTGCTAAGGGGACGTTGCG
CAAGGAGCAAGCTTTAGTACTGATTCCTACAAAAATAAATGAGCGAATCTAAATTCTTCATCTTCCAA
389 
 
CAATAATTGTACAACCAATACATTTTATTAAACTTTGGTGATTAGCCTCAGATCAAAAAGAATAATAT
TAGTGAAGCAACTCTTGAGGCTAAGTTATAACGGGAAAAGTTTTCGTTATTCTGTACTTAATATCTTA
TCTCGAAAGTTATATGGTTATTGAGGATGCTGTTTGAATCAACAATGTTTAGATCTGTGACTGGGATT
GCTTAATTGACACCAGGGAGCAACTGTTCAATAAAATTAATTTTATGGACTATGTCGTGATCAACAAT
TGAGCAATTTTGCTATTGTGAACAAATATCATTTGGCTGAAGAGCTTACATGATAGTTTTTTTCCTCC
CAAGCTAATGAAGACGATGTATGTATTCAGATTAAGGGCTTGTTTTGGCTAGAACCCTTTTAAGCAAA
TAAATTGATATACTTGAGACCGAGAAAAATAAATACTCCGTATGATACTTTGTTCAACTTAAAAATAC
TAGTT 
 
 
PvG10 (+/+) 
TACGATGCTGTTATGTCAATGGAATCAAGTCTTTTAATATCAAGCTGGGGAAATGATTTCGGTGAAGG
AACACCTTTGGTTCAAAGCTTCTTTCATGAAAGCTGTTTAAAGTGAATATTACATAGTAGTAATTAAG
AAGTACAAAAGACTTAGCAAAGCAAATGCTACATTTTATTTTCCAATCAATGCAATACTGCAAGTATC
CCAAATCCAAACTCTTACTAGTATTTTAAAAAAAAGATCCTACAATAATGAAATAGCTTTCATAATCA
TTTATACGAACTAAATAAATTTGAAATGCAAGTGGAATTTATTTTAAGTTCTAGTCTTTCTCTGGCCT
GTTGTATTTTGACTAAATATAAGTTTAAGATGACCTAGGTATATCAACATTTAGTTCTATAAATAGGA
ACTATTATGAGTTAAGAGGAATTAAGCAAAAGAAACACTTGTATCTCCATACTTCAAAAACCAAACAA
CTTTTTAATCTGTTCAACAACCTCATGGCTGAATTCTATGTTATCCCTCTCCTTATCCTCTTTTCGCT
TCTTCTGTTTTTTCTCAAAATTAAGAAAATACATTCACCATCTAAAGATTTCCAATTTCCTCCAGGTC
CAAAACCATGGCCCATTATCGGGAATATACTTCAAATTGGGAATATACCTCATGTAACGCTCTCAAAA
ATTTCCCAATCCTACGGCCCACTCATTTCAATGAGAGTGGGAAACCAAATCATGATTGTCGGATCATC
CCGTGAGGCAGCAAAGGAGATCTTGAAAACCCATGATAAAGTACTATCCGGAAGACATGTTCCTGATG
CTTCACCAACAAACAAACAAGAACTCAATTACTTAACAGCGGGGTTCTCTTTCGAATGCAATAGCCAT
TGGAAGTTTCTGCGCATTTTATACAAAACTGAGCTGTTCTCTCGGAAATCCATGGACATCCATGAAGG
TTTGAGGGAACAAAATATATCTAACATGGTTGAATATTTGAAGCCGATGGATGGTAAAATGGTGGAGA
TTAGGCAAGTAATTTTCTCAACTGTGTTAAATATCCTGAGTAATATGTTTATGTCTAGGGATTTCGCC
AAATATGATCAACTTGATGAAGAAGATGGAGGAATGAATGGCTTGATAAGAAGTTACATGGAGACGTG
TTCTTCACTGAATCTAGCAGATTTTTATCCAATTTTTGAAAAATCTGATCTGCAGGGTCTAAATAAGA
AACTAATGGATGTGATGGAGAAATTTTGGGCTAAATGGGAACCTATTGTTGAAGAAAGAAGAGAAAGC
ATAAAATCCAATAAAGTTTCAAGCCAGCAAGATTTCTTGGATACACTTCTTGGCAAGTCATTTAGCAA
CGATGAGATCAACTATATGTTATTGGTTTGCTCTCTTTCCTTCTCTCTCTGTGTGAAACAAAATCAAC
TACTAATCATAATTAAGGTCCAGGTTACAGACTAATATTTCTGTGTAGACATACAAAAATAACATAAT
GTTAGACATGATCAGTCGTTATCTTTCGAAACCGGAGAACAAGTTGTAACCATTTCTGTAAAGCCATA
CATGTTACAAACATTTGAAATCTTGGCCACTCAGACACACTATTTGGAAAATCACCCCTTGAAAGAAA
TAATTAACCGAATAATTTCATGCTATCAACAATCTAGCTATTAATCGGACTTGCTTTTTTGTAGGTGA
GGGCACTGCAATTTTTTCATTTTATTCAACATCTCTCCTAATAAAAAACCGAAGTATTAAACATCTTA
AAAAAAAAAACTACTTTCCGGCCTTTATGCTGTCGTAACCAAAAGGTGTCTCTTACAGGAGCTCTTCG
TCGGTGGAACTGATACTGTAACCTTGACCGCCGAGTGGGTGATGGCAGAACTTCTAAAAAATCCTGAA
TACATGACACGTGCACGTAGAGAACTTGAAAAGGAGATTAAAGGAATCCTAAAACATTCCCATTTAGA
AAATTTGACATATCTTCAGGCATGCGTGAAAGAGAGCCTCCGGTTACACCCTCCTGGACCAATCTTAC
ATCCTCATCGAGCAGTAGAAACTTGTCAAGTGATGGGTTACACAATTCCGAAAGATGCTCATATGATT
GTAAATGTGTGGGCAATTGGTAGAGACCCTCGCATTTGGGAGGACCCTTTAAAGTTCAAACCAGAGAG
ATTTGTTAATTCCGAATTGGACTTTAAAGGTAATGATTTCGAGTTCATACCATTTGGTGCCGGAAGAA
GGATGTGTCATGCGTTACTTATGGGTTCGAAACTTGTTCCGCTTATTGTTGCTTCACTGATTCATAGC
TTCGATTGGTCTCTTCCTTTCGGTGGCAATCCTACTGAGTTAGACATGATAGATAAGGTTATTGCTAA
GGCGAGGTTGCGCAAGGAGAAAGCTTTAGTACTAATTCCTACAAAAATAAATGGGTGAATGAAAATTC
CACGTCTTCCAACCAATGTTTTAAATAGCGTTATCGCAAGCGTAGCGTTTTTTTAGAGAAACGCTAAA
AGCGCAAATAGCGTTTTGCGGTGTATTTTTTTTTTACCTAAATATACACTAAACTTTAGAATAATTGC
TGTAGGTGGGATTCAAACTTAGGTCTGCTGTAAACTGAAAGACTGTCACCACCATCTGTACTGCACAC
ACTTTTACAAAAATTACACAATATATATTAATTATTTAGATCCGCAGTTTTTTTTCTAATCGCTATTT
ACGTTTTTGATCCAGAATTTCGCGATTTTTGCGCTTTTGGTCCCCTATAGCGCGATTTTAGTGCAATT
CCAGCCAAATAGTGGTTTTTCGTTGCGTTTTTTTTTCCAAAAAAGCGTTATTTCGCGCTATATAACGC
GATTTTTAAAACATTGATTCCAACACAACAATAATTATGCTAGCTAGTTGATACAGTAAAAAATAAAA
TATTTTATAAT 
 
PvG11 (+/+) 
ATTATTAAACGCTGTTTTTTTCTCTTACTCCATTTGATAATGTTGCTACTGGTTGGTTGAGTTTGAAG
TTTTAATTAAAAGGTGCTTGTGACGTATATTGTGCTACTATTTTAATTTCTGAATTTGTTATTGCCTA
AAATTTAAATCAATCATACTAAATCAAACCAACCCGATTATGATTGTTAGTTTGGTCAAGTATCAATT
390 
 
GATGATTCATTTATTTAAAGAAAAAATGATGATTCAGCTTAAAATAAACCAAACTGGACTGGCTACTT
TTACTGTGTGTATCTATATTATTCAAAAGACGAAGAATATTTGACAATTGTCTCTTCATTAACAATTG
ATGACCTACTGCTTTAGCATTACCGTAGTCAATTGTGTGGATCCTATATATATATATATATATTTATA
ACTCACACTCCAATTCTCAAAGACTCAAGAGACCAAAGAAATATACTAGTAACAAGTTCAACTACTAT
CTTTTCTTCATCTTGCTCTTCAACATGTCTTCTGAAATAGCCTCTAATGATATACCCCAAACTGATTC
AAATGAGTCAGACACCGCTCTCTTTCTCCCGATCCGCTCCTCTTCTCACCGCACCTTGTCATTCACCT
CCCTATCCTCTCTCTCCTCCACTTCGTCTCACGACGAATCGCCCGTATTTAGTCCCAAATCCCCCTTC
CAGTCCACAAGAATTCCTTTCTCTTGGGAAAAACTCCCTGGGATCCCAATAATACAACTCTCAGAAAA
AGTCGACACCTCTTTGAATACCTTACCTTTACCGCCAGCAGGGAATCATTTTTCTTGCAAAAAAATGA
ATCTCGGAGAGGTTTCTTTCAAAAAATATGACGGCGAGAGCTTTAGGAAGGATCCTTTTTTTGCGGCT
TTTGTCGAGTGTTCTAAGGATCATTATCATAAACAACATGATCCTATAATTGGTAAACTTTCGAGGAT
TAGTAGAAGCCTCGGTGAAGGGTTTGCACTTGCTAGCAATTCCACTTCTTGCAAGAGCAATTGCGCTG
TTTTCGATTCAATGGTCCTAGTCCCAAGGTCGCGAAAACATAGTATTGTCCTAGGTCATACCAAAAGA
AGCTTGAAAAGAAATACTAAATTTTAATAATGCCTTCTCATGGGATTGAATATCTGGATCAATGAAGA
AGTGTAGCTGATGATTACCAACTACGTATTCATATATATATATATATATATATATCGGTGTAAGTTGT
AATATTCAAAGCTTGACTATATCCTTAAGTTCATGTTACTCTTGTTATAACTCGAGTTATGCTAGGAC
AAACGTATATGCCAATGGTGAAATCGTTACCTTTTTTTATGCTCTAGTGTTCTAGTAAAGAACTAGTG
TCAAACTAGTTTTTGTTAATTGTCTGTAATACTGGAGTATTGGTTTTTATTTGTTGACCATGTGATAT
AAAATATACAGTAGTAATTAAAATTTAAAAAGGATGAAGGCCTATCTGTATGACTGTATTACATGTGA
TGTGTTATCGCATCATGCTTGCTTGAGGTTTACAATTGTCACCATGTGAGGACGTACCCAATTGTTTT
TGGACCACTTTCGAAAGGACAAGCATGTTAATTACTACGTCCATTTTG 
 
PvG12 (+/+) 
TAAAAAGGATGAAGGCCTATCTGTATGACTGTATTACATGTGATGTGTTATCGCATCATGCTTGCTTG
AGGTTTACAATTGTCACCATGTGAGGACGTACCCAATTGTTTTTGGACCACTTTCGAAAGGACAAGCA
TGTTAATTACTACGTCCATTTTGGGCTGTTCAGCTGTTATATGATACGTATTTAAGACATAATATTAG
TCATACTTCATACCTCATCTTTACAATATTTTTTAAATTGAGGTATTGTGAACGTTTTTAAGTTTCAG
TCATTCGTCCCAATAAAAAATTTTTAAAAGTTATTTTTAAACTTAAAAAATAACTTATAATCCATACG
GAAAGATATTAAAATATAAAAAAAAGTTAAAAGTTGTTTTTAAACTTAAAAAAAATATTATAATCTAC
ACGAGAAAGATATCAAAATGTAAAAAAATAACTTAAAAGCTGTTTTTTTTAGTGTTTGATTGATTTAG
TAAGTAAAAATAAAATAAAAGAAGCTCCGGTCTCTCACAAACAACCTTTGCTTTACGTATGCCAGGTG
CACATGTTCTGTCTCAATTGTGCCTCCGGCATTCTATGCACATTTGGCAGCTTTTCGAGCAAGGTTTT
ACATGGAGCCTGATACGTCTGATGGTGGTTCGATCAGTACTGCAGGTCGTGGTGGTGGGCAGCGTGGC
ACAAGAGCTGCTCCGGGGGGTGCCAATGCCCCTCCTGTTAGGCCTCTCCCCGCACTCAAACACAATGT
CAAGAGAGTTATGTTTTACATCTGAGACTAGTACTCTCTTCAATGGGTTTTTCACAATTTAAGCTTGT
CTTTTTTAAGTCCAATAAATTTGTTGCTCCAGCTCTCTTAGCAAGATGTTGAAGCTTAACTAACTTGG
TTTCGTTATTTGTGGTTTTGTGGATCCTGGGGATTGTTTTTGTTTTGGTTCATAATTATGCCTAAAAA
AAAAAAAAAATACGAAAATAATATTTTATTTATCATTTGTAAGATAATATACACTTAAAAATGAATAA
TGACGTATGAAAAAAATATTATTTAAAGTTTACCTCCCAGAGATGAGCCATTTAGACAATGAGTCAGA
AAAAACAAACTAAGAGCATCCACATCTGCTTACTCAAAACATATTTTTTAAATTTTTTTTGATGATTA
TGCTATAAAAAGTGACATGCATCAGAAACCCTATAAATTTATCAAATTTAAGAAAACACAAAATTCAC
TCATGTATGAGGAATGCATATGATTCCCTGGATTAATACTCCATCC 
 
PvG13 (+/–) 
GTTTTTTCGGTTATTTTTTCTTTTTCGGTTTTTTTCGATTTTTTTCGTCTTTTTCGGTTCGGTTTTAC
TGAAAACCGAAACCGACCCGAAAATTTTTCGGTTTTTCGGTTTCAGTCTTTTTCGGTTTTTTTGGGTT
CGGTTCGGTTCGGTTTTTCCGCTTTTTCGCCCAACCCTATATATATCAATGAAAAACTCACGCATGAA
CAGATGAACTACGGTAAAAAAATATTTGGTTTCAGAATTTCTAAAATACCAGTATCATGACAAAAGAA
AAGCCGAATACCATAACAGGAAACTATAACCGAAAACTTTATTTCATTTGAGCCAACAAAACTACAGC
TAAAAGATACATACTGTATTCACAATTACAAATCTTAATTTCATAACTGTTTGAATAATTGAACCAAA
AGAATTGCCAACATTTCCACTTACTACAAAGGTGATTTGAATCAGTTCTATCGAAACCATTCTCATTT
TACAGAAGATGAATTCTGTACTCATTCAGTAGGAGGAGCTCTATAGTACGCAGGTACAGTTGCAGGGA
AGAACATTTGCCTCACTCCCTCGGCTTTTATAATTGGAAATATGATACCCGATGCACCCTGCAAACAA
TACGATGTTCACTTTTCACTATTAACATATAGTATTGAATTATATCGGCATATGTCAAAAAGGAGCAT
TTTAGACTTACCGAAATTAATCTAGCTCCAATCCAAATTTTCTGAGGCGAAGGGAATGGTAATAATAA
TCTACCAACACCGTAAATGGCAACTGCGAAGAAATGGACTACCAAGCTTAACGGCCGAGGGTTTAGAC
CAGAGAGAAGAGCAACGGGTCCCGTTGAACAGACGCCCCCTAGGCTTAGATAGTCAAAACACGCTTCT
CTCATTTCCTTTCTTGCTTGATCAGAAGACGCGCAAAACACCTTGTATAAAGCTCCCGCCAATGTGTT
TATAGTAGATGCCACAGGCTGCAAAACGAGCATACTTTTAGCGCATATACAAAAATGTGTGCATTTAA
TCATTTTCTTTACGAGCATACTTTTAGTTATGTATACAAAATTGTGTGTTTAATTATCTGTTTACAAA
391 
 
ACTCGCTACAGAGTGCCCTAAAGCTTGCATTTTCAGTGTAAGGATAAAAAATGTGTGTCTATTTATGT
GGTTCTCTGTTTATAAGTTTTTAATCAAATGGATAATTTATGTAAAGTCCGTTTTTAGCCATTGTAAA
TTCTGTGCATATAAATATAGTGTTTTGCAAAACTCACGCTCTACTCATCGATGTTGACATTTGAGTGA
AACTCAAGGAAAAACGTTTAACCTGGGCTTTTCACATTTTTAAAACATTAATAATCAATAAAATAATC
GAACAGATGCACATACCTTTCGCAAGGTGTAAAAACACTCGAGATACTTGCAAAGTGAAGCTGAGTCG
TTAAGATCCTTAAGAGGCTTTAAGAGATCTCTTAGAACGACAATATCAGAGAGAGCAACTGTCATTCC
ACCGCCTGTTAAAGGATGGCGCATGTTGAAAGCATCGCCCAATAGTAATGCACCAGGTGTCGGGTGTG
GGGCAGCCGGCATACTCCTATTGGGCATTGTTCTGATGTTTCCTTTCTCAATAGAGTCAAGAAATGCA
TCAGTTAGCTCGGCTGGAAGCTGATACAAACATGTAACAACTTTTAAGAAATAACCTTTGTAGAACTA
AGAGAGAATTTTCAATTTACTGTCTCAATTTTTTCGGGAACGTGTGATTTAGTGAACCAACATTTACA
TGTGATCAACTTAGAGCACAGTTGTGGAATTTGTTAAATTTTTTATTCTGTCTGTGACCTCATAGGAC
TTCTGATTGAACTATACAATGGATAATTCTGGAAAATAAACATCACGAATCCCTTTGAAACGAGTTTT
TTCAGTAATTTTAAGTTAAAGCTCTATTTCTTCTTCATTTTTATGATTACTTTTGTTCGTATGCTCAT
TTTGTTGGCTCAAATGTATCCCTGAAATGCTTATGGCAGAGTCACAGAACTGATTTCAAGTCGATTTA
AAATTCAGCAATCAGGCACATAATTACTACAAAATAACAAATGTTACTATGTTAAAACCTCATTTGGA
CAGGTGCAAACATTGGGGGTACAAAATCAAACATAACTCCAAGATTAAACTACTATATTGAAATTTTC
TTAAAACTTGTATTGCCATTATAAGAAGATTATTACCTGAGGAGCCACACTGGTTTTTAAATACTTGG
CAAGTTCTCCGCTAGCGATGGAAGGGATCTTTTGACCAGGAATATCGACCAAACAGCGAACTTCAGTG
CTGCTAATCTTATAAAACAAAATGGGTGAAGGATCAGCTAAGATGACATGGCCGTGATTTGGGAATGG
AAGGTCGATATTTTCCAGGATCAGTCCAACAAAGCAAGATGGCACCTCCACCTGTAAAACATGACTTA
TTTTAATTTTTATACAAATATAGAGCATATAAGAAAATCAATATAATTATAGAAAAGATGATTTTTTT
TACCTGTGGCTTGCAAAGAGATCGTCGTAAATTTGAAAAGCATCCATCACAGACAATAGTAAGAGGAG
CATAAGTTTTAAGTTCTTCACCAGTTTTGGTTTTGTATTGAACTCCTTTAATAGTGCCATTCTCTTCT
AGTAGGGATGTAACTGTTCCTTGCTCTAATTGAACACTGAAATAATTTGAATACAAATATTAGCCTAA
AATTGGATTTGCTTTCGGGACCAAAAAAGACACGGCGGAAGAAAGAAGAACCTACTTTGAAAGTGTAG
AAGCCTTTTCTCTCATTCTCTGAATAAACCGGCCATTGTGGAAGCTTCTACCAGAAATATCTGAGTGA
AACTTTTCCAATGGGTAAGATAACCTTGTACTTCTCCCATCTTTGAAAAGAGCATATCCAAACACTCT
TTGAGCATCTATGTCTTCTACGCAATCTGCAATTTATTACCATAACTTTTTATTCGAAGATCAAACAT
AAACAAGAAACAGGGAGGAAACTCATCCCCTTTCCTGATATATTTTAAAATATGCTAAAATATTTTGT
GTCTAAGAGCATTTTTACCTTCAAGTCCTAATTCGATAAGCTTGAGATAACCTCCTGGCTGTAGCAAT
TCGCCGACGATTCTGTCGGGCTCTGTCAAATCTCTTTCGATTACATGAACTCGTCTCCCCTCCTACAA
TAGAAAAATAAGAAAATTATTGGCAATGGCATTAAAATAAAACTAAAACATGGTCAAGATACATTTAC
TAACACCAATCTAGAGAAGTTGTGACTTATGCATCAGCGACTTTTTTTTTATCAGAAACGTTATCATA
AGGTACATAGATATAATCAATTAGTAAATATTAAGATACACAAATCACAGTTCAGAATAGAAATATAC
CATATCAACAGGTACGCTAATTTCAAAAACACAATGAATATCAAAAGTCAATGAGTTTAAAATCTCAT
TGAAATTAAGGATCCGTTCAGTTTCAGTTTATAAGCTCAACTTAGCAAATCTTTTTTTTAATATTTAA
GTCGTAGTATAACTTTGTTTCATCAGCTTAAATAGCTGAAAGAAAATGAATTTGATCAAATTAAGTGC
TAATTCCAGGTTTATTTGGCTGACAGCCAGATTATTATAAGCTGCTTCTTATTTTCTCATAACCTTTG
AAACTCTTATAAGCAGATAAGCTATTTTTTATCCTCTCATGCCAGATATCTTTGAAAATCTTATATAA
GCTAAATTAAGCAATCTTTTGTTAACTTTCTCATGCCTGAATTCTTTGAAAATCTTACAATCAAACAA
CTGTTTTTTTTTTTATATTCTCATGCCAGAAAACTTAACAAATGTAATAAATAATTAAGCTGTTTTTT
AAAGACTTGGAAAAAAAAAATCTCTTCTTTATTAACTCATGTCATAAACCTTTGAAAAACAAATAAGC
AAATAAGCTAAAAATGAAAAATTCAGCAACCAAAACAAACTTTCAATACCCTTCTCTTTTCTCAGCCC
AAATTAAATTCTTAAAATCATTTTATTATTTAAACAAACAAAAAAAATTTTAATTGTAGTAAATGAAA
TCACTCGGAAAATTGACCCGAAAAGACCTTGTATCAAAATTTCCGAATTGTTTTTTTTCAAACATTAA
ATCGCAGAATTTGAACGACATTATAATTTTTTTTTAAAATATATGTTCATTGCAAACGACTAAATCGT
AACGGGGTAGCCCTATAATTTTTTAACACAAAAAACACGTCGTTTTGATTGAAAATATGAACAAAAAA
ATTTATTTACGCAAAACAAAAAAATTCTATGACGGAAAAAAAAAAAGGATGCACAAATAAATTCGTAG
TTAAAGTGATACTCCCTCCGTTCCCATTTAATTGTCCGTTACGAAACTATCTACAATTTTAACCACCT
TATAACTTGCATCAAAATTGTCGAAATGATTTTTAAAATCTAATCATAAAATTTAACATTTGAACTAT
ATGATCAATCTTTGATGATTTTCATTCCGACAATTTTGATACGAATTATTCACCGGTCAAAATTGCAC
GTAATTTCGTAAGGTACAATTAAATACGAACGGAGCAAGTAATATCTGCATGACCATAAGCATAAAAA
CAGAAACAAGAACAATAATAATAATAATAAATAAATAAATAAATAAAAAGACGGAACCTTAGCGAGAG
TATGAGCAAGGGCAGCACCAGCAACCCCAGCACCAACAATAATGACGTCATAAATAGAATCGGGTCGG
GTCTCAATCGGGTCTACGTGACTCCGAACACACTCCTCTCGGTTCTCGACAACAATAAATCTCTCTTT
TTTTAAAAACTTATTAGTAACTCGGAAAAAGCGAAGAAACAAAAACCCCAAAAGAGAAGCGAACAATG
TAGCTACGACGACGACAACCACGTTGTTCACCATTGTTTTTAGGGTTTGTTTGTTTGGGTTTTTTCTC
CGAGCGAGAGAGAAAGAGAGAGAGAGAGAGAGAGAATGTGGAGGGAAAGAGATGTGGGAGAGATTGTA
GGAGAGAGATGGGTTTTTATAGAGAGAGATTATAATGGATTCGGGTTTTTTCCTAAACGGGTCGGGTT
TTGTTTGTTTACTTACGGAGTTGAATTGGACCTTGTCTTTTTATTGCATTAATTAATTAACTTTAATT
TCGTAACGTTTTGGTTTTTACCAAAACCGAAATCGAGTATATTTTTCGTTTTGATTTTTTTCAGTTTC
392 
 
GGTCTTTTTAATTTTTGAATCGAATCGGATCAGGTTTTTTCGCTCCAGTTTCGGTTTTTTCGGTTTTT
CGTTTATTTTTCGGTCTTTTTCGGTTTTTCGGTTTCGTTTTTTTTCGGTCCAGTTATCGGTTCAGTTC
TGTTTTTCCGGTTTTTCGCCCAGCCCTAATTCCTATAGTAATAGTGTAATATAGATAG 
 
PvG14 (+/+) 
TTTTTATCAGCCAAAAATAAAATAAAATAAAGTTCATTTTAATTGATATATATATTGTGTATATATAT
ATATATATATATGGTGTTTTCTTTTGCAAATGTCGAATTAATTTAATTGTCAATTTAGGTTAAAACTA
AGTTATAATAAACTGAGTTTTATATCAGACTGAAACATTACAAGAAAATAATAATTTATGTTTCGTAC
CCAAAGCTTAATAAACTTAGCCGGGCCCATGGATAGGTCATGTAGTCATAAGTCATAACTAGTCAAAG
TCTTGAAGAATTACAAAAAAGACAAAATACATGAAGTTATGTATTCAAATATTACAAGATTTAAAATA
CGTATTGCATTCAATATAAGTGGCTTGAAACCTTGAATACCACTTCTCGTACCCTATATAAACGAAAG
AACTCATTTTCACTTTTCATATACCAAAAAGATCATTTCTCCTAAAGAACTTATTTAAGTAATTTGCA
AGAAGAAAGAGCTTTCTTTTAAAAATGGCATCATTTTTGGATAACTTGTCTTCAAGACGCTCAAAGGG
TTACGCAACAATCCTGGCAATAGGAACAGCCAACCCCGACAACATCTGGCTCCAGGATGAGTTCCCCG
ATTTTTACTTTCGGGTGGCTAACTCGAAGGACGAAGAGTTGAAACAGAAATTCAAGCGTATATGTAAG
TCTTTTCAATACTCAATCGATCATGCATTTTTTTTTTCTGTCAAGTTTAAAGTACTGGTATGGATGTA
CCGCTTTAATACTTAAAAATTAATTAGCTTAAGTAAAATCAGTTACATCTTTTGCTTTTATTTTCATG
TAAAATCAGTTACACTAAAATTTTAGAACAAAGTTACTGAGAAAATGGGTGTAGATTATTGACCATTT
TGCAGTTTTTCAGCTTTATTTTTTTCCCTGTTGATATTAATTATTAGGTGCAATAATGCCTTTTGTTT
GTTAAATTAAAAACCGAAATTTATTTTTTATTTTGTCGTTCTTCGTCATCTCAATAAGGAAACTTTTG
TCGTTTCGTTTCTACAGGTGATAGATCAACTGTACGTAAGCGTCATATAACCTGCATGCACGAAGAAT
TTTTCAAGGAGAACCCAAACATTCTTACATACGGTGCCCGATCACTCGATACACGTCTTGACGTAGAA
CTTGTCGAAAACCCAAAACTTGGAGCAAAAGCAGCGGAAAGTGCAATAAAAGAGTGGGGCCAACCCGC
GACAAATATTACACATCTTGTATTCCACTCCTACTCAGGAGTACAAATGCCAGGAGCCGACTATCAAC
TTGTCAAGTATTTAGGTCTAGACCCTGCGGTAAAGAGATTCATGATTTATCATAACGGGTGTTACGCA
GGTGGAATGGTTCTTCGCTTAGCTAAAGATCTTGCTGAAAATAATGCTGGTGCACGTGTTCTAGTTGT
GTGTTCCGAGACTATGTTAAACGGTTTCCATGCACCGTCACATAAGAGACTTGACCATCTAGTGGCTT
ATGCAATCTTCGGCGATGGTTCAGCTGCAGCTATTGTCGGTGCAGATCCTGATTTGTCGATTGAACGA
CCACTTTTCCAAATGATAACGGCGAACCAAACCCTTTCCCTGAATCAGATGGTGCACTTATGGGACGA
TATCAAGAGATAGGATTTGTCGTTACATTAGGAAAAGATGTGCCGAATCTAGTTTCAAGCAAAATTGA
GGATTGTATGAGTAAGGCTTTTGATGAAATTGGAATTACGGATTGGAATTCGTTATTCTATGCTATAC
ATCCAGGGGGTGCCGCGATACTCAACGCGATCGAGGCAAAATTGGGGTTAAGTGAAGAGAAACTTAAT
GCTACTCGTCATGTCCTTAGTGAGTATGGTAATATGTCAAGTCCGACTGTGCTTTTTGTGCTCGATGA
AATGAGGAAACGATCTCATAGTGAAGAGAAGAGCACGACCGGTGATGGGCTGGAGTGGGGTGTTTTGT
TTGGGATTGGACCGGGCTTGACCGTGGAAACTATTGTGCTACGAAGTTGTCCAATAAAGACAAGTGCT
TAAAGTTTAGAGTCAACTTGGGATCCCCTTTTTATTTTTATATTCGAAGTCTTTTTTCTAGTGTTGTG
GTGTGAGATCATTTGTTTTTGTTTCATTTCCTTGTAAAATATACTGGTGCCAGTAATAACTGTATCAA
ATAAACATGAAATGTTAGTGAAGTTCTATGTTTCATTACCGAAACTTTATCTTTTTATGTATTTCCGC
CGTGATGAACCCTATTAATTGGCACTACCTTTATAAAACATATGCAAGTTAGTAGTATTATACTATTA
TGCACTACAGGGTAGCAGTAGCTATAAAAAAAAAACTATTGCAGGCTGATAGTATTTAAGGGGAAAGA
AGCATTTCCATTTGCAGTCATTGGATATTTATCGGACGACCTTTAACTTGTACATCAACCGCAACAAA
TTTTTACGACTGATATAATCCCTTTATCCAATTTTATCCCTCCAACTCCAAGTCATCAACTTTCGCTA
ACCTCCTGTAAATTGTAATAGTTG 
 
PvG15 (+/+) 
AAGGCAATTATTGTCCTTCCATATGTTTTTTTTTTCCTTTTTCATGTTATCTAGCAAACATAAATTTA
TTTTTGTTACATCTTTTGTTGATAATATTTGTTAGAGATGAAGCATAACACGGACCCTTCCTAAATAT
TCTACTACTTACTACGTAATTCTAGAATGTATTAGACTATATTAGAATATGAGAGAATGTAACGGAAC
CCTCTAGAAGGGTATGTATATGTATAGAATGTAATAAAAGGGTATAGAAGATAGAAGATGTGATAAAT
CTCTAGATCATTGCTTAGACTTGTATATAAGGGGATGACCCATCTCATTTGTAATCATCAAGTTTCGA
GTGAGTAATAAGATACATTCTCCTACTTTCTCTCTCTCTAAATACTTGTGAGTTGAGTGTGAGCTTTA
ATGCTTACTTAGTTGCAAACAAGGTGTGAGTATTGTTAACTAAATGCCACACGAGCTTAAGAAAACTA
AGCCCGTGATCTTGATGGTGCTAGATGGTTCTCAAAATTTGCTTGAGATCGGGGTACTATCAAGTTCG
TATTGCTCACGGAGATGAGGAAAAAACCGATTGCGTTACCCGGTATGGTTCCTTTGAATTTCTTGTTA
TGCCTTTTGGTTTGACGAATGCTCCGGCTACGTTTTGTACGTAAATGAATAAGGTTTTCCAACCCTTC
TTGGATCGCTTCGTGGTAGTGTACTTGGATGACATCGTTATCTATAGTAAAACCTTGGAGGAATATAT
TGATCACCTACGACAAGTTTTCCAAGTCTTGAAGGAAAATAGCCTCTATGTAAAGAAAGAAAAGTGTG
AGTTTGCTCGGGGTGAAGTGTCCTTCCTTGGACACAAAGTCGGAAGTGGGAAGCTAAGGATGGATAAA
GCCAAAGTTAAGGTGATACAAGAATGGGAGCCACCGAAGAAGGTTCCCGAGCTTCAGTCCTTCTTAGG
TTTGGCTAATTACTATCGACACTTTATAAAATGGTACTCTTCGATAGCGGCCCCCTTAACAGATCTTT
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TGAAGAAGAATAAATCTTGGGATTGAAACGAGAAGTGTGATGGAGCCTTTCGAAAATTGAAGATGGCG
GAAATGGAAGAACCCGTCCTAGGTCTTCCCGATTATACTAAGGCGTATGAGGTGCACACCAATACTTT
CGATTTTGCTATTGGAGGGTTATCTTTTTTCCGTTAAGGTCGGGACTGCACTAGAAGTCATACCGGTC
CGACAAATGATGTGTTGGTTGTGTAAATTGCAATCAGACTATTACCGCAAATATAACTAATGAATTTT
TAGAGTATTTGCTAGGGGTGGGCAAAAAATCCGCAAAACCAACCCGTAACCCAATCCGCACGGATTGG
GGCGGGTTGAGTGTCAAAAAAAAGTCAATCCGCTCCGTTCCAATCCGTTTTATATTTTGCGGGTTGGG
TTATTATTGGGGTTACCAAACCGCGGGTTAATCCGTCACAACCCGTTACAACCCGCTATATATATAAA
AAATAAAAAAATATATATTTATATATACATTGTGTGTATTTAAAGATAACAACCTCCCGGTATTATTA
CATTTTAGTTTTCTTACTTGTTGTGAATGTTATAAACGTATTATAAATTGTTGTAATTTTTATTTATC
TTTCAAACATACAATTTATTTTAAAATTTACGCCGATTATACAAACTATGAAAAATAAAAG 
 
PvG16 (+/+) 
ACATACAAAATTTTCCTTCATTCTGCAAAGAGAATACACCGAGAAATGCAGGATTTAGAGGTTAACAG
CTTACTGGTGGCTAGAACTTTCTCAACTTGAACCTCACCTCCTCGATTTATATTTATTTATTACTTTT
TACCGGAAAATTCATGTGCAAGCGTTCAACAGTTCACATATGATTATGGCATTTTTTGTTCTGTTTCA
AGAGCAATTAATTTTGTTTGTTTCTATTTTTTTTAGTTTGGCAAATGAAAAAGGTCAACCCCAACTTC
TTTAATTTTTTTGGTGTTCCCAATTATCACACTGAAATTAAATCAAACCGTTGACATTTTACAGGAAC
ATGTTCTATATCTTAGTTTTGTAACCAGTTTTCACATATATTTCCAGCTACATTTCTGATTTGAAAAG
AAAACTTTGGAAAATTTAACCATTTGCACCACTTTATGCTAAACTACATGACTCTCTTAATTGTTTTG
CAGGAACTGCTCAGTTCTTCAAAAATGAGTGCTTATATTATAGGGGGGATTGTCTCTCTAGTAGTCAC
CATTTTTCTTCGAAATTCCAAAAATGACAAAAAACGTGGTTTGGTCGTCGATGTTGGTGGTGAGCCTG
GTTACTCCATACGTAACCACCGATTTACGTCCCCAGTGATTACTTCCTGGGAAGGTATTGTTAAGGAA
TAGTTTCAGTTTCGTACACTGACTTGTATACTGATTATATTTTACACACCAACGTGATTAAATTTTGC
GATCAGTACAACAGTGTTATTAGTATGCTTGCTGTATAAATTAGAAGAAAAGGAATCATAAGTTGGGG
TCTTAACTCGTTAACAAAATGACTTATTTGATTCAATAATCTATTATTTTTGTACACTGTTCGTCTAT
CACATTTCTCCTGTTTTAGCCCTCAAACTATGATTTTCTCCTGTGGTGAACAGAAGCAAAAAGAAAAA
GTGTTAGGTTAGGGTACTAATTACCAACTTCTATAGACTATAGGTTTTGGGTACAAAATTGAAATCGT
ATGATAGTTAATATGCAAATTTATATTTAACTGAACTGCTGTCACTGAAAAAAATGTTAAAATCCCTT
TACAAATCCAGCTACAAGTTTGGACTGGTAATAGGGGGCATCTTTTAACCATTCCTTATATTGTCCAA
ACAGGTATTTTAACACTTGCAGAGCTTTTCGAGCAAGCGTGTCAGCAACACAGGGAGAAAAGGCTTCT
TGGAACGAGAAAAGTTGTTTCCAGAGAGATGGAAAAGGGTGCTGATGGGAGATCATTTGAGAAGCTTC
ACTTGGGTGAATATGAATGGTTAACCTATGGGCAGGTTTTTCAGGCTGTGTGTAATTTTGGATGTGGG
TTGGCAAAACTTGGGCATAAGACTGAAGAACGTGTAGCTATCTTTGCTGACACACGAGCCGAATGGTT
CATCGCCTTGCAGGTGCTCATTTTAAATCTCATTTATAATTAATCATTTTTGTTATTATTTGTATGTT
GAAATTACAAACTGTAAGCTGTATGGTCTCTGAGGAGGACATATTTGGTATGCTTTTAGTGTTTGAGT
TTTCAGTCAACAAGTGCTTTGTTGCAGAAAACTTGTTCTTGGAACGTTTGAAGATTTTTGCACCTTGA
TAATATAAGTTGAGAAAACCAGTTGGAAACATCTTTTATTAAGATTGTGAATGTAAAAGACCCCATAC
AAAGATCTGTTTGTTTTTCTGTCAGATTGGTCTTTCATTTCTTTTGATAACTCATCGCAAAAGGTTCT
TGACCAAATCCAACGATAATCGATTTTCTTCTAATGCAAATTAGCTATGATTCTTATCTATTTTATTG
TTTGATAGTATTGGGCACTTTGTATGTATTTAGGGCTGCTTCAGGCGCAATGTCACTGTTGTCACTAT
ATATGCATCATTAGGTGAGGAGGCTTTGTGTCACTCACTGAATGAGGTAAGTCTCCCTCTCCGACTAG
TCTCTCACATGTACACATTCTTTTACGATTTTGAGTAAATCATGATATGCATTGTCACATTTTATCGC
GCTTATGTACTTCTTTTATTCGTGAGCAACATTCTATTGATCAACCAGTATACACTACTACTGAAAAC
TTGATTCTGAACATTATTCTACGTTTTCTTCTAGAACTAAACCGTCAATTTGTATCCTATTCCTACTT
TCACAGACAGAAGTTACAACAGTGATCTGTGGGAGTAAAGAATTAAAGAAGCTTTTGGACATAGGTGG
GCAACTCGACACGGTAAAACGTATTATATGTATGGATAATGGCATATCTTCAAATGAGAGCAGTAACT
GGACAATCACTTCTTTTAGTGATCTGGATAAACTTGGCCGAGAGAATCCTATTGATGCAAATTTACCT
GTCGCATCTGACGTGGCAGTGGTCATGTATACAAGTGGGAGCACTGGCTTACCCAAGGTTAGCCTATG
ACTTTCAACATATTTAGAAATTATTTGGCGCATACTTTTTATTAATTGTTTTGCCTACAGAGTCTCTC
ATTTATGATTTGCATAGGCCATACTAGCATTTTTTTTAGCTTGATTGGTTCAAAAGTTGTAGTTTGTT
TTGTTTCCGGTTTCAATAACAATTGGTTCCTTTTGCCTTAAAAAAAAAACTGTAATATGAGAGTATCT
TAATAAGAAGTAAGTAGTCTGTGTCAATTTGAGTAGCCGGGTTTCTGGAGTTCTCCAAAATGTTAACC
ACATTGTCCCGTTTCTGATAAAATTATTTTGTTGTTGTTACATTAATATTTTTTTTGTCTTATACTTG
GTTCAGGGTGTGATGATGACTCATGGCAATGTTCTAGCTACATGTGCTGCTGTAATGACAATTATCCC
TGGCTTAGGAAACAAAGACGTCTATTTAGCATATCTTCCCTTGGCTCATATCCTTGAACTATCTGCCG
AGGTACGTTACAATATCTTTTTTCTTTTTTCTCTTCACATTCGATAGCTACTTTGTTAGGTTTCTTAC
CATTTCTTCTTCTTCATTTTTTTTGTTTTACAGAATTTTATAGCGGCTGTTGGTAGTTCAATAGGTTA
TGGTTCACCATTAACACTTACGGATACATCAAACAAGATAAAGCGAGGAACAAAAGGAGATGCTTCCA
TGTTAAGGCCTACACTAATGGCATCTGTCCCAGCAATACTCGATCGCGTACGAGATGGTGTGTGGAAG
AAGGTAATGATTTCCTTTTGGGGATTATCCATCTGCGTTCCATTGGAGAAAATAAACAAAGTTCTTTT
TGATCATAATAAAACAACTAGTAAAATATATACCTAATTTGGGAGAACCGAACGATCTAGTTCTAGCT
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TACATGTAAGAAGCTCACTTTTTTGACACACTTGTCTAGCATCTCATTCCTTCAATTTAAAGTAAGCA
TGCTAACAAATATAAAGTGGATTGTTTCACATCACAGAAAAACAACAATTTCTTTTTCTTTTGTATAG
TGAGAAACAACCATGTATGATTGAGGAGAATACAAACCGACGTTATTTCTTTCTTTTAGTAAATAGAT
CTTCAATGGATGGTGTATTGTGAAAATTCAGGTAAATGGAGCTGATGGATTTTCAAAGAAATTGTTTG
AACTGTCTTATTCACGTCGATTGTCTGCAATTAACGGAAGTTGGTTTGGTGCGTGGGGTTTAGAGAAG
AGTATTTGGAATGTTCTCGTATTTCGAAAGGTCCGGGAAATTTTGGGTGGACGAATTCGTTATGTGCT
ATCTGGAGGCGCCCCACTTTCTCCTGAGACTCAAAGATTTATAAATATTTGCCTTGGGTTAGTATGGT
TTTACCTTCACATTTAACTTTCAGCTAGCAACACAACATATTATTTACTTTTTATGTTTAGCATGTAG
GTTTGATCAACTACATCAATTTTACTTTCTTTTCATGTTTGCTATTTACTTATGTGCGCTATTTACTA
AGTAATCTAACCCTATACTATTAATTAAAAGCAACGTTTCTTTACTTCTGATCATATTCATTTATTCC
TGTCTTGAGGTTATGAGATTCTCATTTTCTTCTTCTTTCTTTTGGCTTGTCCATAATAATAGTGCTCC
AATAGGTCAGGGCTATGGTCTCACCGAGACTTGTGCTGGCGGGACATTTTCAGATTATGATGATACCT
CTGTTGGCCGTGTTGGCCCTCCACTCCCTTGCTCATATATTAAGGTAATTTCTACTTTTGTTGTTATT
TGACTCAAGATTTTTTTATCTTTTTTTTATATGCAAGTTACTGTAAAGTTATAATACTGCCCTTGTTA
GTTGTTACAACATTTAAAAGCTCATCTTGATTGAATTTGTTTTTGAAATTTCAGTTGATAGATTGGCC
TGAGGGTGGATATCTAGCTAGTGATAAACCGATGCCTAGAGGAGAAATAGTTATTGGAGGACCTAACG
TTACTCTTGGTTACTTTAAAAATGAGGAGAAATCAAAGGAAGTTTACAAGGTAAATACTTAAAAGAGT
ACACATTTTCCACTATTTGCCAAGTCTAGCGTTGTAATTTCTTTTCGCATTTTTTTATTTCTAAAAGG
TTGATGAGAGGGGAATGAGGTGGTTTTACACAGGTGACATAGGAAGGTTTCACATGGATGGTTGCCTT
GAAATTATCGACCGTAAAAAAGACATTGTAAAACTCCAGCACGGAGAATATGTCTCCTTGGGAAAGGT
GTGTGAGGCTTAAAATATCTAACGATGCATATACAGAAATTTACTGTTGTCATATCTAAGTATAAGTT
TTAAGACTTTAATAACTTCCTATCATTTCGTGTGGGCAATGGTTTGTACAGGTTGAGGCGGTCCTAAT
AGTGAGCTCTTATGTTGATAATATTATGCTACACGCTGATCCATTTCATAGTTATTGTGTCGCTGTCG
TCGTACCCTCTCAATTCGCAGTTGAAGGATGGGCATCACAACAAGGAATTACGTTTTCTAATTTTGCC
GATTTGTGCCAGAAAGAAGAGACTATCAAGGAAGTGCATGTTTCACTTGTAAAGGTAGACCTTGTCAC
AAAGAAAAAATTTCATGCAGATTTCTACTTTCTAGTGATCCGTTATACTGGCAGTGTAAAATCAACCA
GTTAGTTATTGAACTTGCGATTCTGAGCGTGAAATAATCAAATACTCTAACCAGTTAACCAACATTAT
TTCCCCTCTATACTTTTGAAGTCTAACAATTGAGGATTAGCTATTGAAGTTCAACTTTTAATAGGTCT
CGGTATTTTTTCAAGGTTGAAAAGTTATTTTTGTGTGGAACATTTAAATTAAAATACCAACAGGGTAA
ACAGGAAGCAGCTCTAAGCTCCTCTCCTTTTCAGACTCCATGATTATAATCATTGTATTTTTTTCATC
ATACAGGCTGGAAAACAGGCTCGGCTAGAGAAGTTTGAGATTCCGGCAAGGATTAAGTTGCTAACTGA
GCCATGGACTCCCGAGTCTGGCCTTGTCACATCGGCCCTTAAAATCAAAAGAGAGACGATTCGGAAAA
CGTTTTCGGATGAACTTGCTCTCCTATACAAATCATAGGTTGCTCAAAAATTAAATATTTGCAGATCA
ATAAAGAGATCGCTAAAGCATCGGTGTACCATATACAACCCGTCTTCTTACTTTTTGACTAATTCATT
CTTGTTTGCTTATCTTGTTTCTTCAATCTCCATTTCATTTTTGCTCTTTTAGCAGTTTCCTAAATTTC
TTATAATTTTGTGAAAAAATTATCTTTAGAGAGGTGAATTCGACTTATTTTTATGACTTCTCATTTCC
CTTTTTTCCTTAATAACAATAGTATATTGTCCAATTTTTTATGAGAGTTTTCAAAAAAGATAAAGTAC
GCAAGTTACAATGCTCATTACTCGTTACATTTTCCCTTTCTTTTTTGTCATAAATTTATCAATTATGT
TACTGCGGTGGGTACGTTACAACCAAAAAATGCTCATAAATATGTCACATTGACATCAACCTTGGATC
CATTTTTACTGGGCCAAGGCTTCCTTTTTAAAAATTGATTTGAAAAGAGTCGTAACGCT 
 
PvG17 (+/+) 
TTGAGTGCAATTCTGTCAACATCCGAAAGAAATAGATCCATAAATGTGAGATATAACGACCGTAATTT
CATCGATTTATGGTGTTAGTATTTTAATTTGACGAAATTTCATAATTYAGTATATTAATTATTAAAAA
TAGTAGTTGAGTCGCTAAATCGTTAAAGAAGTAGTTTTGTTTGTAAATTAATAATAAAAGTAGAGGTA
TAATGATAATGTAACCGTAATATAATTTGATGTGACCAGTATTATAAAAATGAAAGGAGTTTGTATAT
TAAAATTAATAAAAAACAGAATATGGAAACGTCATACAAGTATGGGAGTGGGTGGCCCACAGCGTCAG
TTACTTCTTCACCCACGCATCTATATCACTACACAACCCCCCCTCTACTCTCTCTCTCTCTCTGTATA
TCTGTAGTCTATATACATACATAATAAATACTCCATTATTATTATTATTACTACTTATTTTGACATAG
ATATTATATTATATATACTGCGTGATGAACTACTACGACACGTCATCATGCTCATCCCACCCAAGATC
AGTTATCATCGGCGTTTGCCACCTTTGCCTTCACGAGCGTCTCCTCATCCTGGCCGTTAACCAAAAGG
TCCAAAACCAATCCAACGGCTACCTTTACAACAGAGCTCCTAAACCTCACCAGTTTAACAGCAATAAA
AACGCGGCACAGATTAAGATTAGTAACAAGATATTCGCGTTGAGAAACTCGATTCTCACTCGCTTCGA
TTCTCTTCGACGTAATTCTGGTTCATTTTCTGATGATAATGCCACGTCATCCCCGGATCAAGGTATAT
TTTACGTACCCGTATATATTATTACGTAAGTGGTGTATATATATTGTTGTTTGTGGTTCATTATGAAA
ATGACCTCTTTGTTTTTAAGTGTGAATTCAGATTTTACTGTTTTTCCCAAGTTTTGGAATAATGTGTT
TAGTTGGGATTTGGAAATATGGGTGATAGATTTGGGACCATTATAGAAATTTCGTTATTTTAATATTC
AGGTGCCCAATTTACATAATCAATTATATTACTGATTTTTTAGGGGTGTCAAACATTGTTAATTTTTA
CAAAANNNAAAAAAAAAAAACGGTTATTGGGGTTAGTAGAGAGTCGTGGACAAGTGATAAAAATATGG
GTGCCAAATCCATTAATTTAAACAAATTATGGTAAATTGCATGTTAAATAATAAAATAAAAATTGTAG
TTTTGTCCCTCCGATCTCCCGATGCTAATAACCCATGTTGTTCATAATTATCCACTTTAATAAAATAT
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TACAGAATCCATTTAGCACTTTTTAATTAAAAAAGGCACATGACATGTGATTTGACTGGTATTTTGGT
AATTTCGAGGTTCAATGATTGCAATTTATTTGAATTTGTGCAATTTTAAAAGTGACGTTTAATTTTGA
AAGAGAGAGAGAGTAATAGATTGTAAAGGGATTGAGAAATTTTACATGGGACTAGTAAATGTGATTTG
TCATTTTGGAAGTTCAGTATGAATTTATATTGCTATTTAGGACCAAGTGTGTTAATTTTTGGAACTTA
GTAACTTTACTATAGCGGTTTATTGATGTTCCCTTTGAAGGTTGCTGCGGAGTATGTGTTTTCGTGTT
AGGTAGGCTAGAAAAATGGAAGTATAAGAATTAGGTACCAGATTGTGAAACATTGGCTTTTTATTTTG
TAGTTTTATATTTTCACATTAACCCCACATGTATTAGTCTAGTAATCAGATAGTAACGGTGAATTCGT
CTCAAAAAATAAATATATAGTAACGGTTGATGAACACTGAACGCTTCTTTACCACTGTAATAATAACA
AACCTACTTAATACTGTATATATTTATTTCTATAATTGATTTCTTTTAGAATTGCCTTACCCCTCTCG
TAAACAAGAAGATTTGAACGATACACAACTATGACCAAGTTTTGTTAGAAGTGCATCAATTACAATAT
TGTAGAATAAAAGGTAAATATTTTATTGTAATAGAATAGATTGAGAGCTTGATTGATCCAGCAAATGA
ATTTTTTTTTATATAATACGACGAAGGAAAAGGAAAGAGAAAGCATATTTGTAACTCTGTGTGAAGGA
AACCATGAACTTGAGGCATTTCTTACAATTGGATTATTATTCTACAAATACGCCTAATTTTCTAATTG
GCGGAGATTTAATAGGTAGTTTATGTGTTCAGACATTGGGCTTTAACCGGTGTTGTTGATTTTCTACA
AACTCTGTATTAAAATTTCTGCTACTGTAATTCTATTTAAATTTCCTCAAGATTCAAACTCAACTGTT
AAAAGACTTGAAACCATTGGGCAATTCTAACTATTACCTAGATTACCTTTTTATGTCTATATGTATAA
GAATTTGTATATTACATTGACATGATTTCTTATGTATAGTACTCCTATGGCAATCTTTTATGCTGATT
GTTGAACATGGTGTGCAAGTTTCTTTTTGCTGTTCCTTGTTTTTAACATGCGTGTGTTTTGTTCTATA
GTGATGTTACAGCTAATTTATTTGTCACTTTTGAAAAGATAATTAAAGTAACTTCTAACGAGCAATGA
CAAGTTTAGAATAAGGTTGGTTTGCTATGCGTTAAAAACTAAAGAATTGTGTGTTGAATGAGCAAAGT
TTTGGTGAATAATTATTTGATCAATTGATTGATCATAAATATGTTTTTGTAAACAAGTAATCCATTTC
TTCTCTTTCAATCTTCCTGACCATTTAGCTTCCTAAAACTTGATGTTTTATCGACAGATCATTTTTAG
CTTTGATTGAATTTTCTTGAATACCACTTATGCTTAAATGAAGATAAGGAATTAACACACCACCTCGC
TATCTGATTAATTTTTCATTGATGTTTATCGAGTATCTTAACAAATCATGTAATTCTAAATTCTGTTA
CTACAGGACTAGAGTGTTTTATGATTGTTTGCTAATCTATGGGTATTTACAGATTCATTTATATCAAT
CAAATTTGAAGACAATGGAGTAGCTTCATGGGACAAGGGCATTAGTGTCTCAAAGGTATCCCTAGACC
ACTGCAACATCTCATGGAACAAACACAACACAACCAAGTTTGAGACCACAACTAACAATAACCGGGAG
GGCGGAATGGTAATTAAACACCCTGAGATGCCACGTAGCGGGTCGGTGAGGTGGCGTAAACGGATTGG
GCACATGTTCCAGCTCATTAGATGGAAGAGGTCATCTAGCAAAGGAAGCGGTGGGTGTCACAGCAATG
TGAGAAATAGCAATGTTGCCAATGGGTGGATAAGAACTCTGACAAAGAGAAGGACCAAAGAATAAAGG
TGGTGTGGTGTGGTGTGTTATGTAGAGAAAAAGGAAAAAGTAACACTTTTTGAATGTGAATGTATTAT
GTATATAGTTCATAATAGTACTATATTCTTGTGATATGAAATGGTCAAAATAGCCTTTGCCCATATCT
AAAAATGTGCTTTTGTCTGGTCTCTGTGCTCTACCCCCTTTGATTGCTTATAATGTTCCTTGAATCTA
AAGCATTTGCCTATTGATGAGTCCCAAGTTGCTTCTCTTTCACATTCACAAGCTCACACTTTTTTATA
AAGCAAATTTCAAAAAAATCTGTACTGAAACTTTTAAAAAATGATTTGATTGTGACCGATTACTTGCA
AATTAGTATTTACTGTTGTAATCGTTAGTTTTACCTTTTTTGAACTATTTTTCTCATTATGTTTAATA
CTGTTACTAATAGACATAACTATTTTTTGTAGTACTACTTTTCTCAATTGTGTTCTCCTTATTTCGCA
AAGCTACTAAGAAAAACA 
 
PvG18 (+/+) 
TGACATCTTGGAATATAAAACTAGAGAAAATAAAAATATCCCAAACAAATATAGTCCATTTTTTCCAA
ACAAGGAAAATGACTGGCTGGACTTTTTGGTCTTTCAGGAAATAACTAAAAATGAAAAATACAAAAAC
AAAGAAATATGTGGATTATCTCATAGGATATCCAAGTAATCCTAGGTGGCAAAATATGAAACCCCTCC
CTCACACAATACTAGAAAATAGAGTCACAATATAGAGGATGTGGAGAAGGAGAATGCCACGTGCTTAT
CACGTGCCCCCACAGATGTCCACGTGTCAGTTCACAGCAGGCCTGTTGAGATTGCGGGTGACTGCATC
CACTTATCAACTAAATAAACAGAATTTTAATTTTCAACTGAACAAACACAAACAAAAATTGACACCAT
TTTTCTTCTCTTCTCTTTCTTGAAAAATATACAACACCATTTTCTTTAATTTCTTCTCTTTCTCATTT
TCATTCTCTCTTTGTAAAAACAACATGTCTGTTGTTGCCACGGCTGCGAATCTCTCGATTCTTCCTAT
CTCTCTTAGTCGCTCGAGTAAATTCAGTACCAAGAAGGTATATTTTTACCAAATTCTTGATCATTTTT
GTCACTTTCTAGTCTCTTGATCTTATATTCAACTACCCTTTTGGCTGTTTGAAATATATGTTGTGTAA
TTAGTTCATCTAAGTTGGTCAAGTAATATCATATGCACACAAAAAAGAAGAAGATAGGGTCTTTAGTT
TTATACAGCATACGGTATATAGTTTTTAATTCTTGTATGAAGTCGAAGATTGCCCGTCCCTTGTGTCA
CTCCTAGACGTTACTGTGCTTGAAACAGTGATTTGCTTGTTTGGTAAAGCAATTATTTGACAAGTGTT
AGAACTTAAAAGGTATATAGTTTTTAATTCTTGTATGAAGTCGAGGATTGCCCGTCCCTTGTGTCACT
CCTAGACGTTACTGTGCTTGAAACAGTGATTTGCTTGTTTGGTAAAGCAATTATTTGACAAGTGTTAG
AACTTAGAAGGTACTATGTACATACAGCTTTCAATTTCTAACTTTTAGGCTATAAACTGTAAATTAGG
TTATCAGGTGATTAACCAAATCAAATCTGTGAAAGAGAGGGAAAGAGCATAAAAAATGCAACCAAACA
CAACTAGATTTATAGAGATGTTTACATATGGAGTGTAAGTGAGCATTTAAGTTGCATGGATACGGATA
CGGATACGGATACGAGTATCATATCCGATACGATACGGATACCCGAATACGGTTTAAAAAAATAAATT
AGGATACGATACCGCTTGGAAACGTCAATCATTAGAATATTAATATATATTTTATATATAATAAAAAG
TATCAACAAATATTCAAAACAAAAGCAGCTAACATAGATAGCAAGAGAGAGGGAATAGAAGGAGAGAG
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TTAGTCTTAGAAAAGAGACTTTTCTTTCCCGTTAATACCCCATTCCCTCTCCATATTAATGTGTATGT
ATATGTTTGTTAATAAGTATCTATATGTTTGTATGTAATAGTAAAGGTAAAGTAGATTTGAAATTGGT
AAAGTACTTGTTGTCCCATTATTACATGTTTTTTTTAGAAAAAAATATAAATTTTTTTTTGAGTTTTT
TTTTTACATCCAAAACGTATCCGATACGTATCCAAAACGTATCCAGATTGGTCAAACCTCAAAATAGT
CAACGATACTCCAAATCACGTATCGGATACCGTATCCGTATCCGTATCCGTATCGTATCGCCGTATCC
GTATCTGATACTCCAAAAAAAATAAAATCGAAGTATCCGTGCTACATAGTTCACAACTTATGGTAATA
AAGATGCTGGAATTACCCATCAATTCCAGTCCAAGAAAATGCTAGCCTAATGACAAACTAAGTCTTAA
TTCCATGGATTTAATTTCTGTATATGCATGTGTTCAGGATGTCCTTTAGGAATTATTTGAAACTGGAC
TTGTTTGGAAGGCTTATAGTTATATGAAGTTTATTTGAAATACATATCTTTTTAGCCATCTTGATGAA
AACAGACTGTTGTGTTTTGCAATAGCAAAGGCCGTAATTGGCGGGAATTGACAGCCACCTTAATAAAG
GGTTCTTGGTACAGAGTTCAATCTTACCAATTATAATATATCGAGTCCTTTTTGGCTTTATAAGTAGG
CTACAATTTGGAGGATGTTGATAAAGATAGTCAATATATCTTAATGATTTTAGATCTGAGGATGGTCT
AGTGTACATTTATACCTACATTAGCCGTAATGATAACTAAGAAATACAAAAAAAATAGTTTTCATTCC
ATTCTTAACTGGCGTAATACGGAAAGTGCCAGATTCCAGATGTTCCTTCACTGTGTGAGTTGAACTAT
AAACTGATAGAACTAAGTTGCAAAAATGGAACTCAACCCAATATCAAGCCTAGGTGATGTATAAGGAT
AATCACCCTTTTGATGCGAATCGTCCTAATTAGGAAAATGACCGCTGTTATACAAACCCTTACCATTA
TCATTTTGGGTGATTTTTATCTACTAATCTGGAGGACGACTGCAATTTCAGGCTGCTAGGGCTGGCTT
TAGAGTATACGCTATATTAGGAGAAGAAAATGATTTAACAGACAAGAAAAGCATATGGGGACCGCTCT
TTGACGTGGAAGATCCGAGGTCTAAATTCCCACAAGCTAAAGGGAAATTTTTGGAAGCAAATCAAGCC
ATAGAAGTGGCTCGATTTGATATACAGTATTGTGATTGGAGGGCTCGACAAGATCTCCTCGCCATCAT
GCTCCTGCATAATAAGGTTCATATACAATTATTATTTTTCAACTTTAACGTTTTTTCTTTTGGTTCTA
ATTGTTGCTTAGGTGATTTTTTCTCATTTTGAGGTTATATTCTTGTAGGTGGTGGATGTATTAAACCC
TTTAGCCCGCGATTATAAATCCATTGGTACCTTAAAGAAGGACCTTGCAGAATTGCAAAATGACCTCG
CAGATGCTCATAGACAGGTATGGAAATGGACTAACATAATAAAGTATGCTTTCTTGTTGAATGCGTTC
ACAATGACACTTCTCCATGCCACATATTCAAGGATGTATAAGTTACCTTGACTTTTTACAGTAACAAT
TAAGGCTAAAAAATCCTAAACTTTTATGTTACTTGTAATTTAGCCATATTATGGGAAGGGATACATAA
TCCTAATAATCCTTCAAAGTGTTGGGGACATTGTAAACCCCATCTGCTGGACCTTCAGAAGTAACGAA
TCAAATTTAAGGTTTTAAGTGCTGAAATAAAATTTAGGACTAAAGTGGTGTCATCAAAAGAACTTCTA
ATGGATGAAAGAAGGTTCTAAAGGAAAAAAATATAAGATATTTGATCTTACATACCAGTGTCGGAGAT
TCTTCATAGCTGAGAAGCATTTCGACCGTGTTTTTTCCTGAGACATTCAATACCCACTTTTATATTTA
ATTCCTTGCAGGTTCATTTATCCGAAGTTAGAGTTTCAAGTGCGTTAGATCGGCTAGCACACATGGAA
GAATTAGTCAGTGACAAACTATTACAAGAGAGGCTAATAGAATCTGAAACCACATCCCTTTGTCCAAG
TACTTCCACGTCTTCTGTAGACATTGCCAAAAGAAACAAACCCGCTCGTAAAACCTTGGACGTATCTG
GTCCTGTTCCACCTTACAATCCTCGTTTGAAGAACTTTTGGTACCCCATTGCTTTCTCCAGGGACCTC
AACGATGATACCATGGTAAGAGTCCTTTGAAAAGTGTTGCTTAATTTAGTATGTCAAGAGAACAAATT
AGTAATCAAAAGGAGGGCATACTATAATTGGGATAAGTATAGTCTTTACATCTTAAATGGGAAAGAGT
TGGACAGACTTAGGAAGACCAGTTAGCCTTTATTTAAGGTTTTCAAATGAGATACAACAAATAAAACG
CATTGGTAATAGTTGTACATACACAACTTTAGGGATTTGAGTCAGAAAAGTCCAGTTCTATGTCTCAA
AGGGAACTTCTTTGATTGCAAAACCATTTTTTTGCGCTTATCACGGGATACTTATTCTGATATTTACA
ATTTATGTATTTCGTAATAATTTCGAAGCTAGTAACAGAAGACTGAGATCAAACTCAGGCACACAGAT
TTACAAGTTTAATTATTATTATTATTTTTTGTCGAATTACTCATTACTTTTTCACTATCAAATAGGTT
CCAATTGAATGTTTTGAGGAACCTTGGGTTATATTTCGTGGAAAAGATGGGCAACCAGGATGTGTCCA
GAACACGTGCGCTCACAGAGCATGCCCACTTCACCTTGGCTCAGTTAATGAAGGTCGCATCCAATGTC
CCTACCACGGTGAGTCGAGACAATTAGAATCGAGTTCTTACATCATAATAAGAAAGAAAACAAGAACT
ACGTAAAAGGGAAAAACAATGCTCATGAAGTGCATTTAATCATTGTTGCTCACTCGCATTTTGGGAAA
CATGACGCATTTCTAAGATCCAACACGGTCCATGTAGACTAGATCAATCCAAGTTTGCCGCATAAAAT
CCTATATTAAAAAAGTATAAATAATTATATAGTAAACTTACTCCTGGCTATTTTGCTTTACAGCAAGG
TAGACTTGATTTTTGAGTTTAGGCTAAAATTGACATCCTGAATTTTCTGTTATGTTATGAAACGTTAG
GTTGGGAATACACAACAGACGGAAAGTGTGAGAAAATGCCATCTACGAAAAAACTAAATGTGAAAATA
AAAGCATTACCGTGTTTTGAAAGTGAGGGAATGATATGGATCTGGCCAGGGACTGACCCCCCAGCCGC
CAACATACCTTCTTTACAGCCTCCTCCTGGTTTCCAAATACACGCAGAGGTTTGTGTCCATTTCTTTC
TATTTTTTTAACTAGTTTTGTTGCTGCTAGTACAAGGGGATACATTGATTTCTTTATGCCTTTTTCAT
TAAGATTCTCAGTGTTTTATACTATTTTACTGATAATTGTTGGGATTTTCAGATTGTGATGGAACTTC
CAGTGGAGCATGGGCTACTTCTGGACAACCTTTTGGATCTCGCACACGCCCCGTTCACTCACACATCC
ACTTTCGCCAAAGGATGGAGTGTTCCAAGGTTCGTTTAATTTATACTTTATATATCAAAACTTGTTGT
TTACCGGATGAAGTGATGTGTTTAATTATTTGTGAGATAAGTTATTATTTACCATAACATAAATCAAC
TTTTTCCAGCATGGTGAAGTTTTTGACTCCTTCAAGTGGGCTACAAGGATATTGGGACCCTTACCCAA
TTGACATGGAGTTTCGACCCCCTTGTATGGTGTTGTCAACAATAGGGATTTCTAAACCGGGAAAGTTA
GAAGGGCAGAGCACTAAACAATGTTCAACTCATCTTCATCAACTACATGTGTGCCTACCATCATCGAA
AAATAAGACAAGGTTATTGTACAGGATGTCACTAGATTTTGCGCCTTTGCTAAAGCATATCCCTCTTA
TGCAGTATGTGTGGCGGCATTTTGCTGAGCAGGTTAGATACTTTTTGGTAATTTTCTCTCTATATATA
397 
 
AAGTAGATTTGGGCTCCTTCATTGTGGTATTTCAAGAGAGAATATTCCTAGAACTGTTTTAAACCTAT
CCACCAGCCATGATTTATACTAACATGCACATTAATCAACAGTAAAGCTTGCTATTTTATGACCAAGT
GCGAATACCTGATAAGGGTACCCGGCTTTTGAACATCCTTTTTTTACAGGACACTTCAAATGATCTGT
ATCATCTTAAAACTCTAAATACCACTCACGGACATCACATAATTTAGATATGATTTGTAAGACTAAAA
ATTGTCATCAAGTTCAAAATGAGGCAAACTGTCAACTGAATTTTTGAAATATCCTAATTTCAGGTTCT
GAATGAGGATCTACGACTCGTTCTCGGACAACAAGACAGGATGATAAATGGGGCAAACGTCTGGAATT
TGCCCGTTTCTTATGATAAGTTGGGAGTAAGGTACCGGCAATGGAGAGAAGCTGTAGAGAGTGGAGTT
AAGCAATTGCCATTCACGGATTCAAATTAGGACTACTATCAAGAACAACTTTTTCTAACTTCTCTGTA
GGCTGTTCTCTCTTATAGCTGTCTGTTCCTGAGCTAAAACTGCAGATGTTTCCACCATGCAAATATCA
GCAGGTCAATCCCCAAACCGATATATGGAAAACTGTAAAATGGTATATAACAGGAGAGAGATGGTCTC
TAACTGTACACTCAGTTTTGTATTTTTCATGCACAGTTCAATCCTCTTTTTTTTCCCTCATTTTTTTT
GGTGGTCTCTAATGGCTAACAGAAGCCATGAAAATTGTAAGCAAAAAGTAGTCTGGAACGAAGTGCCT
GTTGTAAATTGACATCATATTTGTCTTGTAAAAAGAGTTTGTGATTTTGCCCTGTGATTTAAGTCATA
CACTTGCATATATCTATTGTTTCATAGCACGCATTCAAACATGTATATCAGTGTGAGCTGTTAAGGAT
GGTGTTGGTGCATGTAGAAACACCACCCTTAACAGCTCACACTGATTAGAT 
 
PvG19 (+/–) 
GGCTAACAGAAGCCATGAAAATTGTAAGCAAAAAGTAGTCTGGAACGAAGTGCCTGTTGTAAATTGAC
ATCATATTTGTCTTGTAAAAAGAGTTTGTGATTTTGCCCTGTGATTTAAGTCATACACTTGCATATAT
CTATTGTTTCATAGCACGCATTCAAACATGTATATCAGTGTGAGCTGTTAAGGATGGTGTTGGTGCAT
GTAGAAACACCACCCTTAACAGCTCACACTGATTAGATAATTCCTCGATCTAGTATCACAATAAGTAT
ACTTTCAACCTCCTGCTTTATGTATAACAGTATAAAAGATATAACTAAAGGAAACCAATACCAATTTG
TAAACATCTTCTTATATGCCATATTATTCAGTATTACACAAAGCTACCGAAGAAACAGAAAAGCAACA
GAACTAACCCAAACCCACACAATCTTCAGTTCTTCACACCCTGACCGAAACAAAACCCTAAATTCCAC
TCCACTAGAAAACGAGAAAATTCAAAGCTGACACCCACAAAAGGGACAAAACTTGAACCCCGAATCCA
CCTCTCTCAAACACGACTCACATCTCAGTTCACCCCCCGACACCCTTCCTATAGGCGGAAAAAAGAAT
CCGCAGTTGTCGCAGTGCATGACTGGTCCACTGTCTTTCCCTTTCCACCTCCAAACCGGCACAAAAAA
CACCTTCAGAACCTTCTCACACTCCACTAGGTCGGCACGTGAGCTGCACGCTATGCACCGTCCTATCC
CGGGTTTGATCACTTGGCTCACCTTCTGGCTCACTCCACCTAAAAAAAAGAAAAACATTATATTCTCT
CTCTCTCTATATATATATATCTAATTTCCAAGCAGCTGTTCTATTTAGTATATACCAGAGATGGTTTT
TCTGGTGGATTCTGGATTTTGGCGCAAGAAATTGGGTAAAGTTACCTCCTGAACTATGGGTATTATGC
AATTAAGCCCCAGTTTTTCAACTTTTTGTAATTGGTTCATGTGAACATATGCTAACTTTCAGAATTAA
TTTCATGTCTGCCTTCAAGTTGACATTTTGATTAGTTTGTGATGAAACAAGCAACTTTAAATGAGATG
GGGCGAGATTTTAAATAATTTTACATTTTTATCATTTTTTATCAGAATGGGTGAGAACAATTATCTAT
ATTTAGATCCTTCATGGACCTTTTATATTATTTTAGATTTGACATTTGTTTCTATACATGTAGTTAGT
TTAACAAACATGTGGCAAAGGGTGTTACGGAAATAAAATTGAGTTTCGAACCTTTCGCACAGTATATT
GGGAAAGGTCGATA 
 
PvG20 (+/–) 
AAAAAATTCGAAAAAGGCTGAAAGTAAGACTTAAGATATAGAAGGATAGTTGACTTTTGGCCATCACC
ACCTTCTTCAAACAGACGATGCTTTAACAATCAAAGGTAAAACAACATCTTAAAAATAACTATTTCAA
TCGTCCCAAAAAAAATGTCTCGATCATTTGGTTTTTCAGTAATATTAAAAAATATTAGTTGGAATAAT
TAATAAGCTTGCAATTTCACTCATATCCTTTGAATAATATTGATGTTTAATATTAGTTGTTATCGATA
GACATTCAATATGAGTATATATGGAAATAAAAGCACTCACCTCGTAAATGAAAACGAGCTATAATTTG
GGACAAACAAATAATGAAATTGGACTATTGTTTTAAACCGATTATTAATTTTGTTTTCCTTCCGATAA
CACAATAGACATAGCACAATCGCACTACTAGGCACATTCACTCTAAGCACACACATCAAGCTTTCTAG
CGGAACCTTTAATTTGGGATATCATCTCTTCTCGCCATATAAGCACCTGGCAGCTTCAAGAGCGAAAT
ATGTGAGGATAACGTCGGCTCCAGCTCGTCGGAGGCACATCAGTGACTCCATCATCACTCGTTCCTCA
TCAATCATATTTAACATCCCTCCCGCTTTAATGGTTGAGTATTCCCCGGAAACCTAAATATTAATAAC
AAATATTGTGGTTATAAATTCAACTTGATGGCAAGGAAAAAGATTTCAGTTTGGAACCACTGAAGGAA
AAGGTCTTTTTTCTATGAGTGCCATATAAAACATGACATGTCATTCAAGATAGTCATTAAGACAATCG
GATTTGTAAAGCTTATAAAATAAAAAGAATAACACGAAAGTATTAACAAGAATAACAGGATAAAAAAA
GTGATTAGTATAACATTAAGAACCTGATATGCCGCAATTGGCAAAGGAGAATTGTCACGAAGAAGCCT
GATAATATCCAAGTAAGGCAGACCTGGTTTCACCTGCAATTGGTTTTATATATTTTTTGGATAATTTT
AGTCTTTCGATTTTGCACATTTGGATATAGTCCTAGTTTTAAATATAAAAATAGAAGATGAAACGAAC
CAGGAGGATATCTGCGCCTTCAGCCTCATCTTCGTGGGTCTCAATCAACGCTTCTCTGTAGTTGGCTG
GGTTCATCTGGTAACTTTTATTATAAAACAAAAAGAAAACAACAATTAAAATCTTAAATTCATGAACT
ACTACAACCGATTTGGTTCCAGTCAAGACTGGAGGATTATATTTGAAAAACCTCGTACGTTTTCTTAT
CTCCAAACCGTGGATTTGACTCCAGAGCTTCACGAAATGGGCCATAAAATGAACTCGCATACCTATAA
TAGAATAAACATAGAAAGTATAACTACAAAGAAAAAGAGGAAGAAAAAGCGAAGCGGAAGTAGATGAA
398 
 
AAAAACAGAACATAATGAAATAGTAGCATATTTACTTCGCAGTATAGGACATGATCAACACATGCTCA
AAACCTTCATCATCTAGAGCAGATCGGATTGCTCCTATACGACCATCCATCATGTCACTGGGTGCGAC
AACGTCTGCTCCTGCTCGGGCCTAAATATAGAAATTAAAAAGCTGATGAATCTGCGCTATTTAGATAC
ATATGACTTATGCAATGATAAAAAAAATAACCTGCGCTACAGCCTGTTTACACAATTGATGCACAGTT
TCATCATTCATTATAACTCCTGCATCAAGCCAACTGTTATTTTGATATTCTAAGAGACCAGTGATTAT
ATACTTAAAATTATACTAAAGGAGTTTGCTCACCATCTTCTCTAACAATACCATCATGGCCATCAGAT
GAATACGGATCTAACGCGACATCAGTGTAAATTATCTAATAACAACTAACAAGACATCAGAACCATAA
AAAAAACTAATCAAAAGGGTTTCAGCCTTCATGGTTATATTAATAAATTGATAAACAGAATTGAAAAT
AATTGATTAACGTACAAGATCAGGGTACTTGTCTTTGAGTAACTTGATTGCTCGTGGGACTAATCCAT
TTTCGTTGTAGGCTTCGTCCCCTGTAGGAGACTGGATCGAATGCTTATAGTATTAGACTGTGTAACAA
AAACATGTATTTTGTGACACTTAGATGGTGAATATGAACCTTTAGAGCATCTGGAACTTTTGGGAAGA
GCACAATGCTGTTGACACCTACATCCCGGGCCTTTGACACCTATGATCAAGAAATAAAAATTCAAATC
AAATGTGAAATACTAAATAACTGAACACCGTTGAAGAACAATAATGGTGTTTGAATAAGGTTAAATAA
AAAATTTACACTAAAAGAAGCATATGTTGCATTACATAAGTTCTAAATATTATATAAACGCAAAAGCA
TTTGTAATCAGGAAAAGTAAGAGGAGCGGCCAAATTAGGTAAAGTTTGATAATTAAAGGTTTAAACTT
CAGGAAAGTACATAAAAGGGCTAATCTGGTGCACGAAGCTGTATGCGCGGGTCCGGGGAAGTCGGGCC
ACTATGGGCCTCTTGTAGACAGCCTTCCCTTGCAATATTTGCAAGAGGCTGCAGCATCGACAAGACCC
CATGACCTCCACATCACAATGGCAGCAACTTTACCATTACGCCAAGGCTCACCCTCTTTAGGAAAATA
AATAATGAACTTTAATTGTTTCCTTATAGTTGATTCAATCATTTCACAGTGCTAATTTCTGCTGTGTA
CATGTAACAATATCGACATCATCAAATCATATGAATAAGTAGATAAGAAGAATTGAAATTCAAGGAGC
GTAAAATTAGTTATATTCAAGGAGCGTAAAATTAGTTAGCTTTCTTTTACTGACCTCCTCAATTAGCC
CATGTCTCCACCCAAGTCTGTAACATCCGGGCATAGCCCCAATAGGGGTGTTTTGTTCACCTGTTATC
AGACAAAAGATATATATTACAACTTTAATTTTCTATCCTTTTGTTGGTGGAATAAAGTGAGAGAGAGA
ATCCAAATACTGCGGATACACAAAATTGATGCCAACCTTCATGAATAAAAAGCGGATAAACAAAGTTT
GCAGGTTTCAAGCTAGTTTCTTGAAACGCTGCTCTCAATACCGGTGATCTCCTATTACGACGTGGCCG
CCGAGTAAGTGGCTGACATAAGGAGACAATAGATACATAAAAACCTGATCAACACAAAAAGGAGCTAG
AGGAAAACATAATTAAAGAAATTAAATAGCTACCGTGGAACTATTGATGCTCAAATTTACTGCATTAG
GCTTAGAAGAGATTGTGTACTTGGATACTCAACTTCCAACCTGAGTTTTTGCAGTTTTAATCTTGAAA
ATACTACTTCTTCTTTAAAACCAAAAAAACTAGTTTTTTTTAGCTATTTCAACCATTTTTTTCTAAAA
CTAAGGGAAAAAACTTTGCTGTTCAAACAATCAAAACTTTCAGATTCTCCTGCAGAAATTATTCATTT
ACTTACCATTCTAAAACTTATATTAGATCTAATGAAACAAGGCAACATCCATCATTTCAATCACATTT
CAATCAATCCACTAATAACCAATAAAACAAAACAAAAAATCTTTTAGTGCAGTGGAGCAACTAATTTT
AGCACAAACACGGATCATAATGTGTTTGTATACTTACAAGTGAAGATGCCATAGGAGTACCAACTGGC
ACGGAGGGCTTAGGTGGCACTGGTGGTGAGGCAG 
 
PvG21 (+/+) 
TTCAGGTATATTGCTGTACTAGTTCAGTCACCATTGTCTTTAGTTACTTTTATTTATCTTTTGGATTT
TTATTATTCTTGGGTTTCTAATCTGACCTTAATGTGAATCTATGATCCTTATATGATTCTTAAACTTC
CAATTAGATACTAAAAAGTTGAAAAAATTCCTGACCAAGTAACTGAAATGATTTCTCTTGTATTTTTA
TTAAGTTTTTCATGATAAGGAGGGATTAATAGCTTATAGAGTCTGATAACTGATCTAAATAATGCAAT
GAATTCACAACAGATAATAAAAAGAGAGCAAGAACGTTGAACCATAAATAATTTTGCTTTTTTAATAA
CTTGTTCAATTGTCCTTTTATGTTTCTGACAAAATGAGACTAAAAATAATTCACAGTTGACTAAAAAT
GTTTTCTGGACAAACTGTAGATATACACAGTTTGTCTGATTAATTTAAAAAAGCAATTAAACAAATAT
TCAGTCATAAAATGTAACTAAACAATGATATGGCTTTTATCATTTTCCCCAGTTTTGATTTATCATTT
CTTTTGTAATTCAGATCCGAATGCAGAAGTAATAGCTTTATCCCCGAATTCCCTTCTAGCAAAGAACA
AATTCGTGTGCGAAATATGCAACAAGGGCTTCCAAAGAGACCAAAATCTTCAACTTCACCGAAGAGGT
CACAACTTACCATGGAAGCTCAAGCAAAGAACGAGCAAAGACATACGTAAGAAAGTTTATATATGCCC
GGAAGTAGGTTGCATACACCACGACCCTTTGAGGGCTTTGGGGGACTTGACAGGAGTTAAAAAGCACT
TTTCTCGAAAACACGGCGAGAAAAAGTGGAAATGTGACAAGTGCTCGAAAAAGTATGCGGTTCAGTCG
GATTGGAAAGCTCATTCGAAAACTTGTGGGACGAGGGAGTATAGATGTGATTGTGGGACCCTTTTCAC
GAGGTAGTTTTTTTCCGAGTTCATAAAATTTTAGCCGTTATGATAACTCGATAAAAAGGTAAATAAAA
GTGGGATGCATTTTTTTACTCCGTATGAAAGCATATGAGGTCATGAGATGAAAGAAAGTGAAAATAAC
TGAAATTTGGAATTTATATGGAATGACTGCCAATTAAACAAAACAATAGATAGGCTCTTAAAAAATTA
AGTTGGCTTAATATAGTCAACTCGTTTTATGAACTTTGTGTTATTTATTTTTCCCCATCATAGCATGC
AGTTAAAGTTTGATTTGATGTTCTTGAAAATTCACGAGGGTCCTTGAGTTCCATTTTGGCAAATACAT
TGGGTGAATAAACACATAAAATGATTGATATTTAATATTTTGATGCTGTCTACACCATGTGAAGTGAC
AAAATATAATGAATTATTTTGGAGATTAGATTAGCCTTGTTTAGCTATTTTGTCAATGTCTAGGAAAA
TGTGTAAGATATGACATCTTGTCTTTGATGATGAGGCCCTGTGTGACAATTTGTCAATGTAAAAATAG
TGTTTCACCATTTTTACTTCATACATTCTTAGATTCTGGTTTAGCCTGTTTATTTGTTCTCTTTATGT
TGCTGGACAAAGGTTTTTTTCTAGCCAAATGATCTAACAATCTACGTATTTTTTTTCCACCAGGCTGA
AATTAGAAAAGTTCTTAACATTTGCATGTAAGGCCTTATTTGCTCTTAAGCTCAGTTTTTTTTCCCAC
399 
 
TATACTGCTTTTGGTTGACCAACTACCAAAGACTTTTTGTTACTATTTGCCTTAAAAAGTTAAATGTA
CCCAAGTATTTTCTATATTATGAGAAAATTCAGCTTATTTGCTTAAAATCTGTGATCAACAAGCCATA
AGCTTCACTAGAATGTTGACATTCTTACTATTTTTTATTTTTTTGTTTCCATTTTCAGGAAGGATAGT
TTCATAACACACACAGCCTTTTGTGAGGCACTAGCAGAGGAGAGTGCTAGATCAACACCATCAAACAT
CCCCTTTCTATCTAGTCCACGTGTCGCTCCACCGCCACTGCCACCTCATCACCACCAACTCCCTCTGT
GGCAATCATTCGCACCACCCATTCACCCGATCTTCTCCTCACCGTTGGATCTCAATGGTTTTACAAAC
CCTCAGTATGAGCTCAAAACACTAGATCAAAACCTTAACCCTTTCGAACACATGCCCGCCACCGCTTT
GCTTCAAAGGGCGGCTCAAATGGGTGCAAAAATGAGCAACAACACAAGTATTTTTGCTCCAAACATGT
GCAGTTTAGAGGGTACCACTGGTTCGGTGCATGTAGGAGGTGCTACCATGGATGCTCACTCGATGCTC
ATTCAGGACATCATGGCGAACACTCTTTCCTCCTCTTCACCCTCTACGTTTCTGCCGCTTGAGGATCG
TACGAATGAGAGTACATTTTGTGGTCTGCTAAGTTCTAAAGGAGATGGGGATACGAGTTTTCATGAAG
AGGGTATGACTAGGGATTTCTTGGGATTAACACCAATTACAAATAATGATTTTCTGAGTTTTATTGAC
CATGCCCAAGAATCATGGGAAGATTAGCTACTAATTAAGCAACTAGCATGGATCCTAAGATAACAAAA
AATCAGTTTTGTACTCTCCACATCTTCTCCGTCTATGTTTGTGCCGTTTGAGGATTATACGAATGCGA
GTACATTTTGAGGGTTGCTAAGTTCTAAAGGAGATGGGGATATGAGTTTTCATGAAGAGGGCACGACT
AGGGATTTCTTGGGATTAAGGCCAATTTCAAATAGTGGTTTTCTCAGTTTTGTTAATGATCATGATCA
AGACCAGTACCATGCCCAAAAACCATGGGAAGATTAGCTACTAAACAACTAGCATATGAATCCTAAGA
TGACAAAAGATCAGTTTTGTAACTCTTTTTTGGCTATATGGTTTCTTTTTTGTCCAAATGAAGATACT
ATGTGGAATTGTGGATGATAATATATTTTATGAGAACTTCTCTTTTATCTCTGTTTTGAGTGCTCCGA
TTTGATATTACAAAACAGTACCATGCACTTTATATTTCTTTTAATATT 
 
PvG22 (+/+) 
CCCTAAATTTGATTCACAAAAGTAGACTATTTGAATACCCTTAAGAATGGAAGAAACATCTGACTTAT
TTCAACTAGTAAATAAGCCATTTTTGTGATCTATTGTAATTTTTAGCAGAATCCAACCTCAGGAACAT
AAAAATGTGAGCTTGAGCAATTTTAAAGCCTAGTTATCCAATTCTTTCTGGAGGAGTAAATCCCTTGA
ATACCCTCAGTGATTTTCTTACATGTTAGATAAGAAAAATGCTATGTAATGGGTCAAATATGTCATAT
ATTTCGACATTGCGACCAATTCTGTAATTTTCTAAATTGTGAGAATGTTTACTGTATAAGTTAAAACC
TTAGGGACCGGATATAACTTTTGTTCAAGCTACGGGATCCGTTTGTATACTTTACCTAATCCTGTACT
CTGGAGCCTTTTAGCCATTTATGCAAATTTCTGGAATCATTCGTTTTAATTAGCAGAAAGACTTCGAA
TTTGGGTGGAAAGTACAAAAAAACATGAAGATTGTTCATAATGAAAAGGTTGAAGGGTTGTAATTTCT
TAAAAGCTTACATTTTATTCCGAACCTCAGGGAATGCAGGTGTAAAAATTTGAAAATTGTTTGAGTAA
CTCGTATATTATTATGTGTGCAGTTGGTGGAGAATTTAGCTGACGCTATTGAGAACGGGACAAGGGAT
CAACATTCTGATGCTTTGGTTTGTATTTATTGCTTGTGATTTTTTGACTAGAACGTGTATTTAGTTAC
ACAGTTCTGTGTATTAACTGGATACATGGTTGAATATGTTTTTGTTTAAAAGGTTTCTGAGTTGAATG
GCCAGTTTGAGAAATGCCAGCAGCTGCTAAACTCCATATCAGTCTCGATAAATGCGAAAACAATGGTA
ATCAGAATTCCCTCTCTTTGTAATTTGACATCGAGTGTTTTAAGAGTGGAACTGGCTGATTTTGGAAA
TGTTGTTAGCTAGTACCTTATATATTTGGGGTTTACTCACAATTTCAGAATATAACCATGACAGTGYA
CTATTTGGAACAAAGAGAACTTTCGAAGTCATAGATTTGAAATTACAACTTGTCCTGTATATTCGATC
TAAAAGAATAAACAAAAGCCTCTTTTCTACATAATTTCTCTTGTACCTTTTCGCTATATATATTTATA
TCTGTAAATACCAATCCAGCATTAAGTCCTTTGTTGAAATATTGGAAATTATTTTGTATGACTCAATT
TTTTTACCTTTTCCTAAAGTCTGTCGGAACTAGACTATTTCTTTTATGAACTTTAGCCCTTGCTTGCT
ACTACATTTACTAATCCAACTTTACCCCTTACTCGTTTGTAATTTTCTCTCAGACAGTTGAGGGTCAA
AAGCAGAAGCTTGAGGAGAATGAACAGTTGTTAAATCAACGCAAGTATGCCCCTTAACCTTATCCGGC
GTCTCAAATAAATCAGCTTTTTTGTACAAATAATAATTTTCACTAGCAATAATTTCAGGGATGTGATC
GCCAAGTACAGAAATTCCATTGAAGAACTGATCAAGTCTGGACAATGATCTCAGGAAGATGCTGGACT
TATCCTTGTTAAGGAAGATACGATATCTTAAATCTTCTTTCTACCCCTGTTTGTTTAGCTTCATTGAA
GTAACCGTTTAGTGTAACATCGACTACCGTAATTGCAGGAATTTTTTACAACTCTAATCTAATGCTTG
TCCTCTTTGGTCGTGTTGTACAAATCCATTTTTGCTGCCTTAAATTTTTTGAGGCAGCCTGCCCTAGT
TAATCACATCTATTAATAGTTAAATTTTCGGATCCATTTGTCTTTGGTTTTGGTTTTGGTTTTAATGT
TTTGGAATGAACACCGAACGAGTAACACTATCGTGAATCCAGTCCACTATTCTTTAGGGTGCGTCACA
TACTAAAAACCTAACACATATTAATGAACTCAGAAAATTTCTACCCTAAAATTAATTCAAAATTAAAA
CTAAAAAATACTAAAAATCTAACACATATTAATGAACCCAAAAATATTTACCATAAAATTAATTCAAA
A 
 
PvG23 (+/-) 
AAAAAATGTTTTAGAAACTTTTCAAGAGACCTTTTCTTGTCGTAGTATGATTTTGGTTGGGTTTGTGA
CCTTTTAATCAACGTTGGAAGCGCTTTGTATCTAACAAATATAACTAATTAGTTCGAAAACAAGTATT
TAGGATATCTTAGAATAATTAAAAAACCAAAACTGAAAAGCTAACCAAAAATCATTTCTCACCTGAAA
ATGATGATAAACCGGACCCAGCCCTTTTCCTTGGCAATACGCACCGATTAATGACCTTTATGTTTCTG
ATTGTCTTTTCCAAGAAACATTTTGTACCGTCCTAATTCCCATAAGGTTGGAATCTTTAATGCTATGT
400 
 
AACAGATCCCGATGCAGATCTATCAGGTGTCAATGGACCTCAAACAATATTTAACCAATCAAGATGTC
TGAATCTGTGTCGGACCCACTGCCAGCTCAGAAATCTCGTTAATAAATCTTGTATGGAGACCTATGTA
AACAAGATTCTATTAGCACACTTAGACAGCTTCATTTAAGTCTTGTGGTTCGATGTTCTTATCAAGAA
AACAGCATTCCATTTCCATTTGATGGCCCAGTTCTTTCAACACTTGGTAAATCTTCGTCATTTCTGTT
TGCAAGCTACACCCTGATGAGAACAAATGCACCCTTTTCTCCACCTCAATCCAACTCTGACCCGGGAT
TTTCTTCAAACCTTTTGTTTTCGCCTCAACTCTCACTCTAGAGGAATCCTCCCATCTCCCATTGCTAG
CATAAATATTTGAAAGCAGCATATAACTCCCCGTCATGTCAGATTCAAGACTAAAAATCCTAGACGAA
ATTAATTTCGCAAAATCCGTGTTTTTATGCATTCTACAAGAATTAAGTAGAGAGCTCCACACGTGAGT
GTTTGGCTCCATTGGCATAGAATTAATTAAGTCAATTGCTTCTTGTAAAAGCCCAACGCGACCAAGAA
GATCGATCATACAAGCATAGTGTTCTAACATGGGTTCGATATTAAACTCCTTTTTCATTCTATCAAAA
AGAGTTTTACCCTTTTTAACGAGACCGACATGGCTACAAGCAGATAAAAGGGCTACAAAAGTCACCCC
ATCGGGTTTATATCCATCACTTAACATCACCTCGAAAGTTCTCAAAGCATCAAAAGCTCGTCCGTGCA
TTTTATACCCATTTATCATCGTGTTCCATGAAATTATGTCTTTAAAATCAATTCTTTCAAATATCAAA
TGTGCTTCACTTAAACATCCACATTTTGTGTACATATGAATCAAACCATTTCCCACCAGAGTGTTCCC
GTTCATTATAGCTTTAGTTACATACCCATGTATTTCTTTTCCAAATCGAAGGCACGATAATTCTGCAC
AGGGCGATAAAACACTAGCAACCGTAACAAAATTAGCCGATACGTTTGCAAATTGCATACGCCTAAAG
AGATTGAAACACTCTACATTACGCCCCTTTGACGAAAATCCACCAATAACAGCACTCCAGCTAACCAC
ATCGTTCGGACCTTCAATCTTTGAAAATATAGATAAGGCCTCATCGCATAATCCACATTCTGCAATGG
ATGATATTAAAGCGTTCCAACTAACTCTATTCCTGGTTTCCATTTCTGAAAACAGATTTTTTGCGTTC
TTAACGGCACCTTGTTTCCCATACATGGAAATTAGCGAATTCATTACGAATATATATTTTTGGAAACC
ACTTTTGATTGCATCACCGTGACAAATTTCCCCATTATCTCGTTCACCAGAATCAGCACAAACTGAGA
TAACCACAGCAAGAACTTCTGCTGAGATCCAAGTACTACTTCTCCTCATCAGGTTATACAGATGCAGC
GTTTCTTTATAACGCCTACACCTAGGGTCATACATAGAAATAATAAAGGAAAAGAAGGGTTGATTACT
GTTTCGTACATTACCCAATCATCAGATTTTGATATTATACACAACCATACAAGAAATATCAGCTAGTG
CCCTATCTTAACAGTTTTCCGCTTGTGTACACAATATAGGAATATAATCAAATAATAAGGACTGAAAC
AAATTAATTGCTTTTTGTAGATTGGTGTAGAAAAAAATATTTTTATGATATGTAACACAAGTGTACAA
AACAGCAAGTAACTGAAAGAAAATATTGTGGAGTATTTATATTATGTCGCGCCTCAACTAAAATAACC
AAAATTCTTTATATAGTAATTAGTCAACAGTTCAGCTAATAAACTTGTCAAACACGAACAAAGCCTTA
ATTTAATCTAACAGTTATTCCGCACTGAAACAAATCTTTCCTTATCAAACTCATAAAATTACTCGTAA
TGTAACTACATTAAATATTTCCTAATCATCATCCTTATACCTGGCATGGCTCGATAACAATGAAGTCC
ACGTCACATGGTTCGGCACAAAGTCATCCGACTCCATCTTGCAAAAAGCTTCGAAAGCATTGTCACAA
TCATAATTAAGCGCATATCCCGAAATCATAGTATTCCATGAAATATGACTCTTCTCAACCATCCTATC
AAACAACCTGCAAGCATCGCTCATATTCCCAAGCTTCCCGTATAAGCACAACAACTCATTCACAACAT
GAATGTTACTATGCAAACCCATGTGAATAACATGACAATGCACATCTTTTGCCAACTTTAAACCACCA
AACGAAGAACAAGCTCTTATAACCAAAGGAAAAGTGTACCCATCAGGCTCAACCCCAACCTTTCTCAT
CCGGGCATAAACCCTAATCGCATTTTCGCACTTCCCATGTTTCACATTTGCTCTCAAGACCGAGTTCC
AAATAAGAGAATCTTGAAAACACTCTTCCGGGGCGTTTTCAAACGCCTTTTTGGCATCATCAAGAAAC
CCAAAAGAGGCATAAGACGAAATAATTTTATCGATGAAAAACGAAGACTTTTGGGTTTCGGTGACGTT
AATTCTTGCGTGAATTTGCTTGCATTGTCGAATAGAGGCACAATGTTTAAAGAGGTGATCAAAGGTAT
AAAAAAGATAGTATTTTTTTGAGTAATATTCGACAGTGGATATCGACCTGACTAGTTTCGGAAAATGT
GCAAAAAATGCTAACGATGAAAATACGTGTTTTGCGAAAACTCCATGAATCATGAAGATAGTTTTATG
CTCTCAAATTCTTTTGTTCATTTTATCGAACACCTTGTGGGTATACCAAAAAATGACATTTTATAAGG
TCACTTAGTTTGTTGAAAATAAATGATTTGTACCCTTTAATCAATAGTCCAAATATTCTACCCCCTAT
TCTCTACCCCCTTCGGTGCCCCCTTGCTTATTTTATCCAAAAAAAATTCTAAAAAACTTGAAAAAAAT
TGTACAATTACTATAATACATGTATCAATACATTCCAATAATTATTTTTAAAAGAAAATCCGCACAAA
ATTTATTTTGGAATAAATGTATAAATTAGTGTAAATTAAACATTGAATATTAAAAAAATTGTCTAAAA
CAATATTATGTTCAAATGTTTTAAAATTTGAATACAATATAATATAAAAGTTTATAAAGTTGCGTTAT
AAGTTGTGAAAATTTAAAATTTAAGTGAAAATAAGCAAGGAGACACCGAAAGGGGTAGAGAATAGCGT
GTAGAATAT 
 
PvG24 (+/-) 
TTCTTTGACATATTGTTGATGCGAACTTATCAAATCGGTTTTGTTGTTATTTGTGGTTCGAAGGTTAT
GACTTGTTATATCTTACATGAACTGATGATTACGTATACGGTATACGTAATGTAAAATAGGATGGAGT
TCAGATTATCGACTGTTCTTCATCCTTGAATCTCAGAACAATACCCCAAGAAAAACAAGCATTGTGTC
AGTGCTATATTACAGATTTATCTTGCAAAAATGTAAATCATAAAAAAAGCAAAAAATCCAAGTCATTG
GACAAAACAAAAACGGAATCAGCCAATTATCAATTTATCATACACAAGTTGAGTTTACTATCCGAGCA
TCGGCTTAGTTTCCACTAACTTAAAATGAAACTAGAGTTGTTTAAAACTACAACAATGTTATAACAAA
ATAAACTTCTGCTATTTCTATTCTCTCCAAGGCCCCAGAGTTGATTCGTAGATAAAATATCAAAATTC
TAGTGTTGTGTATCGGATGAATCAGTAACCCCCCAAGTCATCCATATTTGGCATGCGGTTCACAAGTG
GGTTCTTTGATCCTTGACGATCACAAACCGAAGCCTCGGTTGTCGTCAATAACAACGAGACACTGTAA
AAATGAAAAAAAATTAAGTTTCATATATAGAAATACGGAAGACTTGTAAAATTTAAGCGACAGGGATA
401 
 
GAAATAGGATGGCATTTACCTAGCAGCATCTACCAAGGCTGTTCTGATAACTTTGAGAGGGTCGATGA
TTCCCGCTTTCACCATGTCAACATACTCACCTGGTTAAAAAAAAAAACCACATGCATTACTAAGGGAA
AACAGTAATAAAGGCAATTCTCATTTAACATTTTTGAGCTTTTCATTATGTGCTAGTGAGATCTTATC
ATTCCCATTTAATGTCACTGAATACTAAATTACTATCGACGTACATTTCCAAAATCGGCTTATTTAAT
AATTTACCACTCAAAATTGAAATCACTTTATGAAACAGTATGCCAATACAAAATGATTTTATTGGAGT
TTATGCCCGTTGAAAGTGACATCAGTTTATTGAACAATATGCCAATCAAAATCAGTTCTTCGAGTTGT
ATGCTATCGAAAGCACCCGTAAATACGTAGCCGTTTTTTCTTCTTCTTAAGACTGAATGATAACCAAG
TCCAAAATATTTCAGGCAATTTTCCATTAAATGATCATATACAAACAGGAATATGACAAGTAGAGAAA
CAAACCCTTGGCAGCATCATAACCAAAACAAATATCATCTTGCTCCAGAAGCTTGCCAACCACCAGAT
TGCCATCTCCACCAGCATTTGAAACTATAGCAACAGTTGGTGCCTACAAGACAAATGCTGCGTCGATA
TCACACACTACTACAACTAAAACCTTAGCATGGGATAACTAATGAATTAGTGTACAATATCCAAACAA
GACGATAAACTAGTGTATTTATGATTTAACACAACTGATGGGGAGGACATTAAAGGAGAAGTATAGCT
GAAAAATAAAGGAACAAAGACCTTAAGAGCCTTCTCGATTATTTGGACCCCTCTCCTTTGGTCTTCAT
TTGTAGTTTTAAGATTCTTCAAAACTTTGGTAGCATACAAGAGAGCAACACCACCACCTATAAAGAAA
AGGCGACTTCATTATTTTTTTGATCGAAACAAAAAAATTGACAGTTTAAGGACAAAAATAGTCACCTG
GAACAATGCCCTCTTCCACAGCAGCTCTTGTGGCATTTAAGGCATCCGTAACCCTGTCTTTCCTTTCC
CCAACTTCTGCCTCACTAGCTCCTCCTACCTAAAAGACGAAGAAGACTCCTCAATATTTGGAGTATGA
AATAGCAACAATTTACGAAAAAGATAAGTTCCTCCATGTATACATGAAATTTTGAACAGGAATTTTTT
TTCTACAATTGGAATTTTTCATTGCAAGTCATTAGCTCCAAAGTCCAAACATAAGGAAAAAAGAGGAA
ATTTCTATAAGCTGAAGAATAATGCTGGTATTGGTTGATCGTCAATTCGAATCCAAATATCAAATTAA
GAGAATATAATTCTTGCTACGATTTTTATACGTATATATTATAGAATAAAATTCAATTTATTGATCAT
TACATATAATTCAATTAAGATATTGTATGAAAGTCGAATTTCTTCTATTCTATTTGAGAATGGGAGGG
TTATTGATTGGGTGAATTCAAAGACTAAAGAAGAATTTTTTCTATTTTACTTTCTTCCTTTTGACTTC
ATATCAATTTACCTTGAAGACAGCAATACCACCAGATAGCTTTGATAGCCTCTCCTGTGCTTTTTCCT
TGTCAAACACGGCTTTACTGTTCTCAGCTTTGTATCTAAGCTGTACACAATTAAAAACAACGTCCATT
TAAGCTACCACCATGGTTAAGTAGAACAAAAAACACGACTAAACAAGTTTCCAGATGCTTTTAAGAAT
TTTTAATCGAAAAGAGGGGGTTCTGACTTTCCGTTTAGGAGGTTCTACCGTATCTGGAGGATCTCATA
TATTATTTTAATCCAACAATCGGACCCAAATAACTGAATATATACCAATATGTGGTAGTTCAAGTCAT
GTCTGACAGTAGTTCATATCACAAAAGGTGAAAAAGACTAAAGTAACAATGACATAATATCAGTAAAT
GGCTACTTGGCACAGCACGACTTAATTAATATACTTACCTGTAGTATCCGATGAAAGGTACAAAAGTA
TAAAGATGCTTTAAAAAATGAATTAAAATGATACAGTTAATCTTGTCAACCGACCATACCTCTTCACA
TTTTTCTTCAACCAGCTTTCTATCGCCACCTCCATGTAAAATAATTGTATCATCAATAGACACACTAA
CCTGTTAACAAACAAACCTAAGTGACTAAGAGACAAAATAAAAACCCGCGGAAGCGAGGAAGGTTAAC
TAGTCTTAACCTTTTTAGCAGTACCAAGCATATCTATTTGAACCTTGTCAAAATTCAACCCACGCTCT
TCAGTTATGACCTGAAATAACAACGGGTACTATTAAGAAGCAAGACAAAAGAAAGAAATAAAAGAAAA
GGAGAAATATGAAACAAATGGATTGATATTGAATTACCTCTCCTCCCGTGAGTAAGGCAATGTCATTA
AGGTTATCTCTTCTGTTGTCACCAAAGCCAGGGGATTTAATGGCACAAACCTAAAGAATAACGATTAA
AAAAGACAATGATTTAAATCATGACGTTAAGGGACAAAGAGAAATCAATGTCTTACCTTAACCCCACC
ACGATGTTTGTTCATGATGAGCATAGAAAGTGCATCACTTTCCACATCCTCAGCAAAAATAAGAAGGG
GGCGGTTTCTCTGTTGGGTAAAACACAAAAAGATAATAAATAAATAAATTTCAATCCCAATCTTCACT
CATCTCTCTGTTACTTCTTAAGGATAAAATAGCTTTTCGAAAAGACAAAATAACTGTTTACTACCTTT
ACAGCCATCTCCAGAATTCTAACAAGCGATTCCATGTTGGAAATTTTCTTGTCATGGATTAGGATCAG
TGGGTTTTCCAATTCCTGCATACAAGTAAAACTTGAAGCTAAATTGATGTGCAATATACTACAGAAAA
GATGTTTCAAAGTCAATTCAATGAGGAGAAAATCATGAGAAGAGCTATACGTACACATTTCTGAGTGG
TCTGGTCAGTAACAAAATAAGGTGAAATATAACCCCGGCCTAGCTTCATCCCTTCCACCACATCCAGT
TCATCATCCATAGTGTTCCCATCCTGGATTATTGTCAATTAAAATTGCATGATCTTAGGAAAATACTA
ATTAACCGCCGTAATAGAAAGTAATATTGTTATACTAACCGCAATAGTTATTACTCCATCCTTGCCAA
CTTTCTCCATAGCTCGTGCTATCATTTCTCCTATTTCACGCTCACCATTGGCAGATATAGCAGCCACC
TACTTCGGATGTATAGAGGTTAGAGAACGCAAATATATGGGCTACTCAAACTCTTTTGCACCAACTAA
TTAAAGATTTTTTTCAATTTTTTGATATAACCTAACAAAAACCATGATATGACTATATGAGTATATCA
ACCTAATGTTTTTTCGCGTTTATGCACTACAAAGAAAAAAGCTCATAAGTTGCTAACTAAATCGAAAC
TATGTGATAAAATAGTTTATAAACAAAAAGTATGATAGGAGTGTGTACAGAATACTTGGTTTTCATAA
CTAATTAGTACACCAGCCTATGGTTCTTTTTATTATATCTGGTAAAGGTAAAATTAAAAGTATTAAAT
TGTCGGAAAATGCAAGGTTCATGTGCTAATTGTTAACTTTTGTAGATTGGTGTACAAAATCGAAATCA
GATGACATGTTAGCTTATAAACTGTTTTTAACTCCTTTTGAATATTTGATCCATAATATACAACCCTC
ATGAGTTAAACTGCACATCAATGAGCCTGTTACCCATATCAAATGCAATAAATATGGAAAAACGTTAA
GTTTTCTCACACACGTACCTGTGTTATTTCTTCTGGTGTGCTAATCATATGTGCTTGGCTTTTTAGGT
CCGCTATAACAGCATTAACAGCCATATTGACACCACTACGCAAATCCATGGCGTTTACTCCAGCAGCT
ACTGACTTGTAACCTTCCACAAATATGGCTTGTGTTAGCACCGTGGCGCAGGTAGTACCTGTAATTAA
TAAAATATAACCGTTTATCAATTAGAAAAGTTTTTGCATGGCATGCTAAGCATTGTTCTTGAGGTAAA
AAGATTAGGGGCAGTTACAGTTCTGTACACTAGCATATTTATCTGTTTTCAGTTTTGTAAACTAAGCA
402 
 
ACCAAATTAGCTATCAGGACACTAATATGACGTTTCTTATCGACTCAGTATGGTTAGTATTATACTCG
AAGCTTTAAAGCTGAATAAACCTTGGTCTCAATCTCAAATTACCCGGTTTATTATTTTTAAAGTTGCA
ATCAAACAGCAAGTGACACAAGTACAGAGATGACAACTCCATTTACCTTAGGTCCCATAGTGACCTTA
ACAGCCTCAGCTAGTTCATTAACACCCTGGAGCAAGGCCGCTCTAGCTTCATTACTGAAATTAATATC
CTTTG 
 
PvG25 (+/+) 
TACTACTCATAATTAGTATCACTATCAAACATGATAAACTTTTAATATCATAGGGTTATGGATCTTAT
ATTTATGGTGTTACAATCATATGTGTTGAGTTGTGGAGCCAAATGAGTTTTGTCCATGTTTTCTAATT
ATCTCACATCACTTAAAATTGTAATATGACCCACTAAGGGTTCTATTTATATGCCCCAATATCTTGTA
TTTTAATTACACCTACACAAAATACCTTTTACATATTATAAGTGAGAGAGTTCTAGTTGCGAGAGAAC
CATATCTTGTGTTGAGCAAGATTACGATTGTAATCCTCATTATAATAATATTAAGTGCCACGTGTAGC
AGCCCGCAGACGTAGCCAATTTGAGTGACCTCAGTTATCAAAGTGTGTGTGTGCTCGGTTTTAATACT
TCTGTCTTTCTTTGTGCTCGACTGATTTCCTAACAAGTGGTATTAGAGCCTGAGGTTCGCAGAACTAA
GGTCGAAGATCGAGAGGAAGATCAATGGCAAAAGAAGACAGAGTCGCACACGGGATCGAGAAGTTCGA
CGGGAAGGACTTCGCATTCTGGAGAATGCAAATAGAGGACTACCTTTATGGGAGGAAGATGCATCAGC
CACTTCTCCTTGATGAAAGGCCGACCACGACCACCGAGAAGGCGTGGAAACTCTTAGACCGACAAGTG
TTGGGAGTGATCCGCGTAACACTATCTAGGAGTGTAGCACANNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNATGAGAAACCATCCGCGAACAACAAGGT
ACATCTCATGCGTAAGTTGTTCAACCTACGCATGGCTGAGGATACACCTGTCGCAATTCACGTGAACA
AGTTCATCGACACCGTAAATCAGTTGGATGCGGTGGAGATAACTTTTGAAGACGAAGTGAGAGCCCTT
ATACTGCTAGCATCTTTACCGAACAGTTGGGAATTCATGCGAGTTGCTGTTAACAAATCAATTGGAAA
GGAGAAACTGACTTACAACGGCATCCGAGATCAAATACTCCCTGAGGAACTCAGGAGATTAGACATGG
GTGAATGCTCAAGTGATGGAGCATCCTTGAACATGGGTTCAAGAAACCGGGGTAAGGCTAGGGTATGG
GAAGCAAGCAAAGAGATGATTTGGTTGCAAGGTTTCTTAAAGGAGCTCGGTCAGAAAACCGACAAGAG
AGTTCTGCACTGTGATAGTCAAAGTGCAGTTCAGCTAGTTAAGAATCATGTATTCCATTCACGCACCA
AGCACATACAGATTCGTTACCATTTTATCCGGGTCGTTTTAGAAGATGGAATCTTCGCGCTAGAAAAG
ATTGAGTGCGCTAAGAACCTCACCGATATGCTAATGAAGACTGTTACAATCGACAAACTGAGGCTGTG
TGCAACCTCAGTAGGACTCCGAGCTXXXTGAGACTCAGGGGGTCGCCGCTACATGGAAAATTGAGCAA
CTCTGAAGAGTATCAATTATTATACAAGGATACCGATGGGAGGATTCTGCTCGGTGGAGCACAGTGAG
TTCGGTGGTCGGGGATAATAGGAGTTCTTTTGAATCACTCGACATTTTACTCCAAGTGGGAGATTGTT
GAGTTGTGGAGCCAAATGAGTTTTGGGCATGTTTTCTAATTATCCCACATCACTTGAAATTGTAATAT
GACCCACTAAGGGTTCTATTTATATGCCCCAATATCTTGTATTTTAATTACATCTACACAAAATGCAT
TTTACATATTATAAGTGAGAGAGTTTTAGTTGCGAGAGAATCATAGCTTGTGTTGAACTAGATTACGA
TTGTAATCCTCATTATAATAATATTAAGTGTCACGTGTAGCGGTCCGGAGACGTAGCCAATTTGGGTG
AACTCCGTTATCAAAGTGTGTGTGTGCTCGGTTTTAATACTTCTGTTTTTGT 
 
PvG26 (+/-) 
TGAATCACAAGAGTGAGTTTTTGTTTTATCTGTGTTTAATCTTACTGGGGACTCTCTCTCTCTCTCTC
TCTATATATATATATACATATTGAAAGAGATACAAGTCTAAAATGATAGTTTCGTTTAAGCTTTGGGG
CAAAAGTCATAATTTTCGCAGAAACCTGACATATTACCACCGGTTCTGACTATGCAACAGGTTGTAAA
AATCAACCAGTTGTGACTTTACAACATGTTGTGCACACCAACAGTTGCGACTTTACAATCGCTTGTGA
TGAATGATTTTGCAAAAAACTTGAGTCTCTGATACAACCGCTTTCGACTCTACAACCAATTGTTTGAA
CATTTCTTAGATCACAAATGTCATATTTTGTATTTATATAAAACAATACTAGCTTGTAATATTCAATA
TCATTACCACGTTACATGCATATTTTGGAAACTTGTAAACAAATCGAGAAATCGCAAAATTTTAAGTG
GTTACATATGTTGAGAATAGCTTAGTTAACAGCTGAGCAAACATGACGAATCTCGCCTTGGTTCCCGG
TCTTCACCCCAACACGACCCAACTTAGTAATAGCCGAAACTAAAGCCTGGTTAAAAGCTGAATTATTA
GAAGCAAATAAGTCAACAGTGGCCCTTGATTGTTTATTACCAAGCAGAGCTTGATCAGAGGTGAACAA
GCCTTTCCCTTGTTTAAGATTAAGAAAATAGGCATTGTCAAAATTCTGAGGACTTGTTGGATCCATTG
GAATGGCAACTAATGAGTTGACGTCCTTTGGGCACAATTGTCTTAGCTGAAAGGCATAGGTGGAGTTT
AGGGTCGGGTCGATCCGTTTTTTTGTTGAGAAGTTGTAAATTCGTTTTGACAAGTGCTTGCAATGAGA
GAAACCGATTGTGTGTGCACCTAAGGATCAAATTAAATAAACTTTAGTCAACACATTCAATATTTGAA
TCACAAAGAAACAGTAAACTATACTCTCGCGGTTCTGTGTTCACTAGGCTAAGACTAGTGATATGGAA
GTAAACTATACTCACGCGGTTCTGTGTCAAGTTGAAACTTGTTTTGGCTATTAAATTAAGCGTTGTCA
ATTGTCATATACATAATACAACCAAAATTTGGTCATTTTGTTTTCTAAAACAACTTTATAATTAAAAC
AATTTGTGAACTCTTAAGATTCTTTTACAGAAAAAGTTATATTTTTGTGCTTAAAAGAATTAATAGCA
ATTTATTAAAAAACTCGCCTCAAAACGCGCTTATACTCGAAAATCACAAAATCTAAAGAATAAAGTGT
TGAGTTTTAGCCTAAAACTCAAAAGGCTCAAAAAACAGCGTTTTTCACGCGTCAATCCTTAAAAAATA
TGCATTAAAACTCAAAAAGTTTAAGATTTATTTAAGAAAAAAAATTATATGCTCACAAAAGTGTGTGT
GTATATATATATATAGTCACATAAATTGGTATAAACGCAAGAACAACTCAATAGACCGTTGCTATATT
AGACATATCATGATTAAACTATATTAATATTAATTATTTATAATGTTTTGGACTAATTATTTTCATGT
403 
 
ATTTCACAGCTATTGAATATATATGTGTGTGTATTTACGTTTTTCTCTAGAAAAGATTACGTTTTTGG
CATCGTAACTTACGATTCGATAAAACTATCCTGAAAACGCTTCAGCAATGCTTTAGGTTTTAAAAACA
TTGATTAATAGTAAACTTAAACATAAAAGGAAAAAAGGAAATTATTAATAACCTGATAAAGCAATGAC
ATCAGTTTGGTTGAGACCGTGGGAGCTAAACATAGTGTTTAGTTTGTATAAGCTAAAATCAGGGTGTG
GGAGGTTGCGATTCACGCTAGAACTGGTAGATATTCTCCCATCTCTTCTTCCCAACTCTACTGAATAA
GAAGGCCCTCCAACCTGCGAAGAAATATATATATATATATATATATATATACTATTCAGATTTCTACT
TTATTATTTCATAGTAATTTAACATAGTAACTAATATTTTGTCTACTTAGGGTAAAAAAAAAATAGTT
TTTACTTGTTGGTAGTATAAGTTACAACCTCCATACTTATTTTCAGAATATTGCAAAGTTCCCTTGTT
GTGGCCATAACTAACCGAAGACAGTTATACAGCTAAAAAACTAACATATACAACATTGTCCCATCATT
ATGTGTACGGAAGTTATTTCGAAACAACATTTCAAATTCTGTAAAAGTTTCTTAGATAGACACATTTT
GGGGTTATAGTACTTCTTCATAAGATAAACAGTTACCAAGGCAATGACATCCCTAGTAGCCAATGCCA
ATATATCTGCACAAGAGACTTTATTTTGGCACTGAGCATCTCGATCAACAGCTTCCTTAGCTTTAATA
ACAGTATCAAATCCGTCACCAGCAAGTGATAAGTTGTCTGGGTGTTCTTTTTCAGCGTTGTTTTCAGG
CGAAGCCAATATCACAGACGCATCGCAACCCTGTTATTAAATTAGTCAAACCCAGAAATTTGACAATT
AAAATATTTCCTTTAAGGGCACTGCCGAAACTTAAAATGCACTAAAGGGCATTATTAGGATATGATTA
TAATTAAACCACTGATTCTTAGAAGAAAAACTCTAGTTGCACAGAAAATTTTAGCTCGGAATACTCCG
AAAGGACCATTTGTATATGAACTTACACAAATTGTCCTTCCGAGGTATTCGGGGGCTAAAACTGTGTA
CAAATAATGGGTGACATTCTAAGTTAATGAAGTATCATGAGTAGGCTAAAAGGGATTATTGCATGACA
TGTTCAGAAAAAACCCGAAGTGTTATCAGGAGGAACTAGGTACGGGCTGAAAGATGCTCAAACACCCC
TATATTGAGAAAACACTTAAAAATTTACATATACTTTGATCAAAATTTATAGATTGTACGCTTTCAGC
ACCCCATAATTAAAAATTAGTTTACATATCTAACTCAGCCCTACCCACATCTACTTTCTAGTTCCGCC
ACTAAGGGTTATCATGTAATTTACCAAAAATTAAAAACTATAACCATTCACCACCTTTTATCATGACA
AATAAAGATACACATGTAATTCAGCTTCTCCCATAAACAAAGTCTAGTTCCATAGTTCATATTGTTTC
CCAGTGAAGTTTTAGGGAAATTAACAAAATGGTATCCCATAATCGTTTTATATAAAAGTCTATTGGCC
TCGCCGTTTTAATTGAAACAGAAACTTAAATCTCCCAAATTTTGGAAAAAGTGGAGAATTTAATAACA
AAGATCTGTAAATGTGATAGCGACATGGGTCTGAATCTTAGCGGATCGTGGCAGCAAGGCCACTCTGC
CGCTTACAATACCCGTCGCGTATTTAAGTCGTCTGCAAAGGATTCTACCTGCCGCTCGATGAACATTT
GTATTTTCTATAATTTCACAATCACTATCATCTATAACAATTATAGTAATAAAACAACGATTGTTTGC
ATTGGAAAAAAAAAATATCACCACAAAATATTACCAATTGTTATTAATAATCATTAGATAATGTCCCA
TTCATAATAGGGTCACTCTTTTACTTTCCAAATTACAAGGACATTGCTTTTGGAACTTAAAGTATGAA
GGCCATTTAAAATTTTATTTGAAACCATATATACATGGTACCTTTGCAGTATTTAGCATTTACCTGAA
TAATTTAGATAAAACTAGCATGATATATTTTAAAGCTATTCCTTTTTTTTCCGTAAGTGTTGAAGAAT
TTAAAGAATTATGCCAACTTAGTTTGAATTAATCCTAACCATCCTTACGTTGAAACAAAATTACTAAC
CTGAACGAAACAATCGTGGAAGAAAAGGCGGAGAGTAGCCGGAGCGGTGACAAATGTTTGCTGGAACT
TCTTTGTGACCGCGGCACGAACTAGCGACTCAACATTGGGACAAATATTCTTGTAGAACTCTGTACTT
AATTGACCATTGCATTTATTTAAAACCAGTGAGACTAATAATATTGACACTATCACCAAGACGGCTCT
TTTGTTTTCCATCTTCAATACTTGCTAAATTTTCTTTCTATTTGGTTTCTCAACTTCAGTTGTTGTTT
GGATGCTGAATTGAACTTCTATTTATACATACGTATATGCAATTTTACAAAATTACAGTATATCATAA
TTATGCCAAATGGCAATGGAAACAATGACTATGGTCACGCACAAAGCTGGCATAAACTTCATTAAAAT
ATTCTAAGAAGATGAGGTTAATGATGTTGACGCCCACTGGGCATTCCAGAGTTACCATAATCAATTAG
TTGAGCTTAAGTTTTCTCAAGTTTTGCTTAAATTTGTAAATTTTCCCAGTTTAAAAAATCGAGAATAT
AATAATTACTATCCAGTCTCAAACAAGTTTCTATTTTTCTTAAAAGCTGCAGGAAACAATCCACCAAC
AATTGTGTAAAATTTGTAACTTTTTCTCTTGGTTCACTACTTCTAGTTTCTTAGTATCGTTTGTTTTT
AACAATTTTTCCCTTCTTGATCTAGCATCGTTCTTG 
 
PvG27 (+/-) 
AATGGAATCACTTTATTATTCGAAACAAATTTCTCACTTTGCTATACACACATTTGATCCTCTTACAG
AAAAAATTCACATCCGCAAACCTCTAGTATCTCTTAAAATAAATGATTGAATGGAAAAACATGATGAA
AACAAAAACCAAGCTCACAACAAACCCTGACATAAAGAATAAGTAATTAAACCGGGAGGAAATTGACC
AAATACAACATCTGTCAAACCATATCACCACATTGGGAAAAAGATGGAATAAATCAATCAGGATGTAA
AACAAACCAGAAAAATATCGGCTTCATGGGAGCAGAAGCAGTTAAAAAAAGGCACTGATGCTGTCCCT
ACAACAATTGAGATGTGGGTCCTTGAACTGCAGAAGTTTGAAAAGAAAAGGTTAATGTCGAAAAGACA
AAACGGAAAATATGGATGTAACTAATGTTTTTTACTATGTAACCTGATGTGCAAGAAATGGAGACAAA
AACCGGAGGCATCGAGAAGACTCAGAACAATTGAAGGGCCATCTTCAACTTATTCTGTTTCCATTTCG
GAAGCTTATAGAAGGCTATTTTCGGCATCCCAAACTTCTCTCTAAACTCTTGTGAAGAAAGATAAGTC
TGCTTACAATAAAACATGAATTTAATATACCAATTTCTTGGTTAAACATTATATGACACAATAATATA
TATCAGGTAAAATACCTCTCGTTTGGTTAAATCAATGTCTGTAACAGGATCAGTTGAGGATGTTTTTA
GCCGCTCATATGGATGTATCGCGAGTCCTTCATCATCTTCAGCTTCACCTTCTTTAACATCTTCTGTG
ATAGTTAATGCTTCAATTCTGCTGCTTATGGCGTGCTCTTTAGAATTTACGTCTGGTTTTGGTTTAGG
TTCCTGAGGGTTCACTTTACCCACGAAAGCAATATTTTAATTTCAAAGCAAAGTATTGACTAATGGCC
TTTTGCAATGTTTCGGTTTATTTTATGAATAATTATCAAATAAACACATGTTTCAAAGATTATACTTT
404 
 
TCAACTTTTAATGTATAGGTCATAAAAGACTTCCTACGAGAAAGATTGTCAAAGAAAGGGTTCATTAC
AATTTTATACTATCACCACTTTTTGATTTTATACTCCCAATTAATAATTTTGTTATATTACGTATACC
AGACTTTCATTGTTTAGTTATCATTAAGTTCACACCCATCGCGTTTTTGATCCAGTTGTGTGTACAAA
ATAAAAAACCTGATAGTTGGGTGGGGTGAACATTACTGTAACTAGTCCTAACAGAGAACATACATGTG
ACATCACATGACATTCGATTTGACTGGAAAAATGGCGGGAGTGTACCCATGAGAAAAACATTCCTACT
CATTAATTACAAACACTTCTAATTGGGCATACTAAATCCGGAAATCGTGATAGTAGGATGTAAAACAT
TGTACTAAACACAAAAGATGACAAAAACTGCTCGACTGATAGTTCTGTCATCTTAAAAAAAATCACCA
TTTACCTTTAACGGCTCGCGGAATCATGGTTTCCCGTGGCCTTTGTTCAAAAGTTGAAGTTATAGAGG
AAAACGCTGAAGATCTGGAAGCCAATTTTGACGAATCGGGGGTAACTGATCTTGGATAAACTTTTTTA
GCTACAGGTGGAGGGGTTGAGAGATTTCTCGCATTTAAGTTCTCAAAATTAGCCGCAAGCGCATTAAA
AGCGGGAGATCTTCCCCTTACACGGACTCTGTCTGGACTGGACGACATACTTCGTGATCGATTTTGCG
GTTTATCTTGGACAGTTGACCTCCCGCCATAGGATATAGGTGCTCTTCGCTTGGGTTTCTAAAATTTT
GCAGCATTTTATCAGAAGGTTTTTGGAAATACACAATATACTAGCAGAGAAAGGCAAGGACCCTTATT
TAAAGTCAGACCGTCAGCAACTATGAAATACACGTGTGATAATTTAATAGCGAGGCCACAAACTAAAT
ATTCATACAAGATGACGGTCAACATAATTCATTTAACAAAAACTAAGTTTGGTAGTAAGAGCAATTGC
AGAAAAGGATCCATACAGACACCTTTTGTTATCTGTTTTCTTAAGAACTAAGGTGAGCGTCCACTAAT
AACCTCAAATCATCTTCTACTGTCAGTTTGAAGAGGAAAACAAGATAACTGTACTACCATCAGCCCCA
CCTTTTGTTATCTGTTTTCTTAAGAACTAAGGTGAGCGTCCACTAATAACCTCAAATCATATCTTCTA
CTGTCAGTTTGAAGAGGAAAACAAGATAACCGTACTACCATCAGCCCCCTTACTCAAAAGGATACTCT
CTCTCTCCTCTAATTATTAGAGCTAACTTAGGCTCCTTATAGATAAAATCCCGATAGTTTCGGTTACG
TGTAAAAATAAAATATTACTAAATATACTAAAATAAAAGGAAATAACAATAAAGTTTATATATATGTA
CTATGATAGAGAGGCTTAGTTATCGTGTAACTGTAAAGTTCATAAAGTTCAATGGACTGTTAAAAATA
GAGAGGGTGATAAATAGTCTAGTGTGGATGTGTAATGAGTCAGTACAAGGGGCAAAAGAGAAAAAAGG
AGAGGGATGAGGAAGTTAACAAAGAAGAGAAATGTGTGCGTCAAGTTTTGGAGAATGAACGTCAAGTT
ATGGAGAATGAAGAATGCAGGGGTCTAAAGTTTTAATTATATAAGTACGAGGGTCCATTTTGTATTCC
CATAAAAACACTCATAGGAGTCTAGTATAAGTATTAAGCCTGTTGAGCTCATTAGGGATAATGAAGAA
GAATATGTTTACTTTTATCCTTTAATTCCTGCACTTATTTTCTTGTAATCGTTACTCTTTATCAATAT
AAACCCAGAAAATCTTAACAAAAATGTTGTCTCATTGCTGGTTATTGTCAATTTGATGTGAGTAAACT
TGTACACAAGATCTTTATGGAAAGTTCATCTGCAAGAAGCAACATTCCCCCAACCTCCTTATGGAATG
CATTTCCACAATTTAAAGTGGATAAGCCGGAGTTATGAAGAAAAAAAAGGTGCAATCATAAGGAATAA
AACAAAACCAGTGCATAAGGTCACGGAAGAGAAAGATTAGGGAGTCCTAAAGAAAAACTGAAGGGAAA
TACAAAAATCGACATACTTACATCGGAGTTTGGAGTTCCCCCATTTTTCACTATTGCAAGCTTCCTTT
GGAAAGAATTTCCATGCATCTGGACCAACATACACAAAACTTAGTAAAGGAGCTAAAGACATCAGAAA
ATCATCATTCTTGTTTATTTTTTGCTCCAAAAGTTTGTCATTGTTACTCAGAACATAAGATTGGAGGT
TTAGATTTCGTAACAACTTGCTTGTTTCATGCCATGATAAGCAATTCTCATGTAAATCAACGAGCATA
AAAAGAGTAAGTTCATTTTCACTGACTTATGCTATCAGATTTGACTATGAAACAACACTGAATTTTGG
AGATGCCACATAATGGAAAAATGAGATACATAAAAATGTTCATGAAAACAGAAAGAAGAGACAAAACA
TACAGTCAATTAACAGAACAAGCCTTTGTTAATAGAGCATTTTATAGTTGCCAAGGGCCCAAGAGCCA
CGTAATATGCCTTTAAAATAAGTCCTCTTGGAGTCTTACTGAGTAAAAAAAGAGTCTCTGGAGTCTTT
GTATGGGTGGAGGCGGTAAGTGAGATGCAAAAACGATTCTATCTACTTTAGAAATTCATATGTTTTAT
TTATAGAGTAAACCACAAGAATATTTATACTTAGAACTTACAAAGGTCTATTACCCCCAAGCCTTTCC
ATTTAACTATTATCTTCAGTCTCTTAAACAAAGAAATACAATAGCCACAATTTCTTTAGTTATAAAAG
ACTCATTCCAAGAAAACATTATATCCTACTAAGAAGCAATAAAAGTCTGCCCAGAGCACATTGTGTTA
GTAAGAAAATATAAAATGTGCCATGTACCACCACACCACACCACACCTATCTTTTTACCAATAATTAT
AATGATTTACATCATATTTTAGACCACTTACAGATGATTTTGCAGAGTCCCACGTGAAGAAACGTGTG
AAAAAAGGAGGTTCGCTACCTTCCATGACAACATAAATTGGAGCTTCACGAGATAAGTTCTCCAGAAG
GAAATCTCGTTCAAGGAATTTCTGTCGGGAATAAGTATTAAGCATGTATTTTAGGACAAATTTTAGGA
ATTACTTGAGAATTAATTTTTTCAGACTTTCTGACAAAAAACTAAAGACAAAACCAACATAAACGCAA
CTGTCAAGATTTTAATGTTCAGTTCGGAACTTCGGATGTGTTTTTTGGTAGGCTGAGAAACAGATACA
TACTGCCATACTGGAAACATGAGTGGAGTGGAGGAAAAAAAATTTCAAAATTCAAATTTGTTGTCTTG
CCCTCAAACACAATCATATGAAGCAGAACGTGTGAATTATTTATTTTCTTAAGTTACACGAAAATGGG
TTGTTTAGCTTTCTATTAGTAAGACAGCCAACACCGTAATATCGCAATGAAAGCACATAATATTAAAT
TCGTTTAATAAGCTACAATAATTTAGACTAATTGCAAATTAAGCAAAATATATTTTTTTAGTAAATTC
TTATCGAATCCCACCATCAATTTAGTATTGTTAACATATGATAAGATTGCAAATTAAACAGAACATAT
TTTTTCAGTAAATATTTTGCATCACACCATGGAAGTTTAATTATTAACTGAAAATAGTCTATAAAAAC
TGATTGCTTGTACGGAAACTGTTGAGGTTATTATCCCACATCACTTGTGGATAGATCGTGGCATGTGT
TTAAAATGTGTTGCTCACCTTACTTGCTATGAGGCCTTTTAGTGGGTAAGGTATGCGTTTCAATATGG
TATCAGAGCCGGGTTAGCCCCATGTGATGTTGGGTCACCTCTCCCGTCCCAATGGACGTTATATTACA
CTTGTTGGGCCCGTTCGGATTTAGTCCAGCCCACAAGTGAGGAGGAGTGACCTTTTACTGGGTAAGGG
TATGAGTTTCAATAGAAACCCTAGTGCCCTGCCAGGAACACATGGATAGTTTCCTATTCTTTATATTA
CACAATTAAAATTTTGTAACTTCAGCCTAACTTTGTTCCATAGCACCATCGAACACATGCAAGATTTC
405 
 
CCATTCTTTATATTTCAAAGCCAATGGCTATTAAACTTTTCACAGGATTTAAAAAATAAGAAAATACT
GCAATTGTGTAAGCAATTAGCCACAAGTGGTCAACCATACCTCTCCAATAGTTAAAGCTTGCATTTTA
ATCTTCGAGTCAACCTGTTGACCTACCCAGACAAAAATGTCAGAGTGACAATCAAGGATAAACATATC
TTCAGTCATTAAATCATCCTGGTTGAAGTTGTATATTTCGGTCACCTGCAGAATAAACTCACTAATCA
AACTGACGCTGCACTAGATCCAGAACTACTACATATATTATTCTAACTTTAAATATCTTCTAATAGTT
TTTATTGCTTATAATCACCCAATGCAACACATATCAGTACATTCAATACGGATCTAAGTTAATCTTCA
AATAAAAACAAAGCAATTACTAAGGTATTAGAGCTAACTTTCACAGTATTATATTCCAAAAAGATGTG
TCATAATTCGTAAAGCTAGATATAAAATAATTCAAAATTGTGTATAACTAAAAGCTTTACTAGTTAAT
TAGCAAAATGTATACCTTCAGATCCCCTGAGATTGATATAATTGTGCCATTGCAGTTCATCAATGCCA
AAAGGAAAAAAGAGCAAAATCCATTAATAATAGTTTAATTGAGTAGTGAGTATTGAGTATATAAGGGA
TAGATAAGTATAGAATATTGTTCTTTTGCACATAAACATTGTTAACAATGATATCAAACCTTTTCCGA
ACGTGCACGCAAATAAGTGAGGATCACTCTCAGAATTCTTTCCAATCTTCTGGCTGGAGTACTCAGAT
TTACCACCCAATAACTCCCAAAATTGTTCAGATTCTACACCTTCTTTCTGAGGTTTGCACTGCATATT
TGGCTGCAACCATAATATGCAACAAAAGACACTCAGTAAACCTTACTAAAGAAATAAATAAAACTTGT
TTTACGCAATTTATTATATTAATATTACGTTTTATTGGGTAAGCAGACCTTTATTATGTCTAACTGCC
TCTCAACAAGTTCTTGGTCATCTGCAGTTGTCAGGTTACCGGCCCAAGTAAAGACGGTTGAGCCATTG
TGTAGAATGTAGCAATAAGAGGAGTTCAAAGATGATGCCACCTAGTTTAATTATGAAGCTCAAAACTT
TAAAATAACTTCAAACAAGCAATAAGAAATAGCAGATGCTGTAATAATAAAATCTGCTGTCAGTTGTA
GCAAAGATTGGGAGATTAGACGAAAACACAATTTTAATTCCCGTCTCCAAGGAAGAAAGGATTTGAAT
CCTTGTACAACGAGTTCCATACAAAAGTCAGCTAGCCCTAGTTCATTGCCATAACGACGTCTTATTTT
CCATCATTTTTTTTCCTCAAACAAATCCACTAATTGCACCTAGCGTAAAGGTTGAGTTCTTTTAAGTT
TAGAAACTTGATACATTCTTGTCTAATTATGTCAAGAGAAGAATCTAAACTATTATGTGAGGTACAAA
TAAGAAAACTCTGAAGGTGAAAGGAGAAAGAAACAAAAAGGACTCACAGGTTCAACTTGAATTGCTTG
CATATTTTCAGGTCCAGAACCTTGAATGCGAAATAAAGCAAGTCCATCCTCTGTGTACGTTACATCTG
TAACACCACTCTCGGAAATGTGCTTCTTGAATGCATCACTGTGACCACCCTGAAACGTTTGTTCAAAT
TTTGTAGGCAGTTAAAATAAAAATTTAAAATTTCAACTTACAACTTTTCCATTATCGTGTACCTTGAA
AACAATAAAGCTCTGGAAGATGGAGAAGAACAGGATTGGCTCGTTTTCCTCAAAGATGCGTGCCTGAA
ACCCGTATTTGGTCAGATGATACGACATTCATAGTTTCCCACTAACAGAAAATAAAGTATGACCATAA
GTACCTGAACAGGTAAATTTTTCATGGACTCGGTCACTTTGTTTGCCTGTGAAACAGCAGAAACTCGA
TCTTCCTATATAACAGGACAAAATCATGGTAAACAACATCCATTATTCCCCCCAAAAGGTGTATAGAT
ATATAATTAAGAGGCTTGACTTCGTTAAAGTGCTTCACATTACAGGGAATTCAGAATAAATCTCTCCT
ATAACAGGTTGTTTGGGACAAAGGTTGGCTTGGAAAATTTCCTCAATTGGAACTCTAATAATTTTTAA
GTATGGTTTTCCACTTACACATGTAGCGAATTTGCTGAAAGAAACATGCTTGCATCCTAAAATCCTAG
ATTTATGTGATTCAAGCGTTTAAACAGGAGAGGCGCATTGCTATCGATGAAGAGTAATAATCAAAGTA
AAAAGGGGCGGGGGTGGGGGGAAGTGGTTTTCACCTCAACACTTTGCTTCCCAAACCATGTCCCAGTA
AGGACTTCCTCTTTATCTTCTCCAGCATATGAATATTGAAAGATATAACAACTTCCACTGAAGAATTT
CGAATGATCAGAAGCTGAAAGGAGAGTCTTTTCTTGGCCATTCACACTCCAAGCCTGTAATTATAATT
GAATTTAGCAGTAGCAAATATACCATAGAGGTGCAAATTTCTAAAGTATTGGACAATTTTCACAAAAA
AATAATTTCCCGATTTACACTATGAAGAGGACCACTGTAAACAGACGGAAACAGACAAAAAGTTCACC
ATATTTCTTAAGACAAAGTGTCAAACAGATCTAATATCCATGGTTAGGTGGAAAACAATGAGCCAAAC
GGGGAACCTAACAATCAAACAATAGCATGCTCTGTTACCAAGGCTAGGATCAATAACCCATCGATGAG
GGATAATACTACACAACAACATAAATAGTTAATTTTAACTTATCTAACAAACCTATACAGATGGACTT
GACTACATCTAGTAAACCCCACATCATATCAGTTGATAAGATTAATTAAAAATGAAAATTGAGTTTTC
TACCTGTAAGAATGTTTCAATATTATTTATATGCTTCACTGGAGGGGGGATGTTCTTAGGTTTGGTGA
AGGCACTAAGACATAACAAGCAGTTTAAAGAAATGAAGTACAAAACAAGACTTTCATGTCCATGGTAC
AGTAGAAGGTTTTATTTTTTTATTTTTATTTTTTTGTAATCAGTAGGAGGTTTTATTATACACATAAT
TTTCTCCCTACATTATTTAACATCGAGGAAGGTAGAACAACTCTTAAGCCACAATACATTTTTTACTA
CCTACATGCCACATCTAATTTGCAAAAAGAATATATATTATATTCATGAACATAAAGCTAATCACCTG
TAGATGCCCTGTGCAATCAATATGTGGTTGAGGATCTTCTTTTGCTGGAGCAGCTTTCAACAAACCCT
TTACGTTAATCCCTTGGCGTTTTAAAAGTGCTACACATTTGATAAGCAATAAGAAATATGATACAACA
ATATTGGAAGTCGGTATTGAAGTCGATAATATCAATAGAGCACAAAAAGGCAAAAATGACAGAAACAA
ACAATTACTGACCAGCAACCTTTCCTCTTCCATCCTCAGATACAGCAACATTAGCAGACTGAGGCCAT
ACCTCGAACTTTGATTTAAACATAACCGTCTCAAACCCCTCTATCACACGGATTATGTGAGATTTTGG
ACGATTAAGGCTACGCACTAGCTCCTAATTAGAAAAGTTGGTCAGAAAAATGGAAAATAAGGTTTTTA
AAGATAAATAAAACAAAAGCTATAAAATATTACTTCAGCAGCTGAACTTGCACTTTTTCTCTCATCTA
GAGAGGTGTTTCTCCCCATCCACACAAACACTTCTAGGCCACAGTCCATAACATGACATTTACTAGTA
TCTAGCAGGTCCCTGGTAAGAGTATCCGCCTCGATAGGTTCAGTCTGACCCTTCTCAACGCTGGAAAA
AAATATGTTGTTTGTCAACACGAAATTGGAAACTAAATTTGAAAACAAACACAACCTCCATTATGCAT
CTTCATCGCTTCAGCTTATGTTAAAACTGTAGTTCCTTGCATTATATTTTTTTTCTTGCATCGATTCT
TCTTTTAAGGAAAAATTAAACGTTCCAAGTCAGAGTGTCAGACAACTATAGTTCTTAATGTTTGCAAG
GTTAAGGAACTGTGGATGAATAATACGTAGATGAATAGTACATCTGAGTAGAAATAGGTTAAAAAAAG
406 
 
AAGTAAAAGGCATACTTAGCATGTCATATAACAGCAGGGAATTGCCATTATAAAAATGATTAATTCCA
AGGTTAATTATGACCTTCAAAAACAATCTAAATTTGCAAATATTATCATTCCCACACAAAATGGACTA
ATATCACTTGGTCGTTTAGACTTGAGGCATGTTGAAGAAGGATATGAAACTGAGTACGAAGTCACTTC
ACTTTCTTGAACAAGGTTAAAGGACTTGGTGTTTCAAAGTTCAGACCAATATGTGCATTATACAACAT
TACAAATAAAAACCAAATTATATAAATAATGTAGAGTTTTGAAAATAACTTTCTTGAAGGCATATTTT
GATAATCATATTTGGGAGTTACAGGGCTTGAACCCTAGTGGTGAGCTGGGTATGCTAAGGCCCTAACC
AATAGGACAAACCATTTGCTTCTTAAAAGTTGAGTGTAGCAAAACACGATATGCAGGTTGAGTTAAAT
GGAAGCAGGTTTTTCTCAAACAATTCCTGGAGTATAAGTATAGTGTCTATCGAGATCCTTTCCATCCC
CAGTCAAATCTTATGCTCATCTAGAACAAACATCTTATAAATTATGAAGCATCAAATATAACCTTGCC
ACCTTGCTAATAGCTATAAAACTTAAAAATCTGATCCGATCCTACCGGATTGAAAAAGATGGAGTAGT
TAGATGCCTTGACAGGTATCATTCCAATGAGTAGATCAAGAATGCCACCTTATAAGTGAAACAATCTA
AAGATACAAGAACGCCATCTACCCTTATTTAAGAAAGGATGAGTAACAAAAAAACATTGAAGAAAAAG
GCATTTCTCGTAAAAATAGTTGAAAACGATCCCAACAGGAATATTACCGAAACAGCCTTGTGGGGACA
TCTTTTACAGCCTTGTCATCATCGTTGAATGTTTTTCTCGGAAGTGGAGCAAAACCGCCAAAAAACCC
CCAAAATTCACCAGTATCAGAATCGGCCATCATTCTCCCATCCTCTGAACAGAAAAAACTAGCTATTA
GTGTTGATAATTAAAGATCACAACAGTTTGAAGTACTCGATGAATTAACCTTACCAATCGCAGCTATA
TCACATTTTCCGTCATGGAATGTATCTTTTATATACTGGACAACTTCAAGAGCTTTGGCCCTTTCTTG
TATAGAGGAGTTGGAACCATTGAACTGGAAAATTTTACCCTTGGTATCTAGAACGAAAATGTCATCAT
GGTTAAGAGAGGAACGAGCAAAGGGAACCTGTACATACAGATTAAAAAGATCAGGGAAAAAGATTTAC
TGACAGAACCCTCATCATCCTTAGTTAAAACAGGTTATAGAAGAAATGGACAGAGTTAAATTACCTCT
TTCACATATACAACATGCTTTCCTTTACAAATATACATACGGGTCGTATGCTCTTCCGCCTCAGCATG
CTTAAATCCTGACGAAACTCCACCTTCTTGAGGTATAATACATGGTTTAAAATAAGAAAGGAATTTCT
CAGTTTCGTGTCCCTGTACTTCCCTATACTGAACAGCTCGGCCACCTAGAGCTGCATCAAGTTCAACA
GTTTTAACGGCCGCAGCACCAGCTTCATCCTAATTACAAATAAAAATAAGAAGAAAAAGAAACAAGTT
GGTTAGATCATCAAAAGAGCACGATAACAGAGTGATAACCCATGATAACTGAACTTAAGTTACCTGGC
TGGTGTCTTTACCGAGCCAATAGTGAATGTCATGACGTAAGGCACCGCTTTTTAGGGAATTTGTCTGC
GTAAAGTACACATCAGACATTAAATTTTCTAAAAGTTAACCAGGATGACCAAAACCAATGCGTTACAT
CTCTCTCTCTCCCTTGAAAATATTCCTAAAATTAGTCAATTCATGTTCTTCATATTTATCAAATACCT
ATCCCTAGACAAGAATTGACCTCTATAAGAGTGCTAAACACTTGTTAGATAATTTAAACATGAGGACC
TTAGGCAATACATGTATTCCTTAGCAACCGCATAAGATATCATATTCCATTAACTAACATTACTTTGG
TCGTTATCGTATATTTCAAGGCTACTACAATTACTGAAGCATTGATTTACCTCTAGAAGAAACCCTAG
CTAACAATTTGCTAATAATGTGCAAAAAGCATAATCATATGCCCTTGGAACCAACAACGTTGTTGACG
TCCCACATAAAACATTACGAACACTGACTTCACATTAACGATCAATTTTTTTGGAGACATATGTACAT
CAAACAGAAGAGTAAAGGCAAACAATGGTTCACAACTAGATTAGTTACCTTTAAAATCACATAGGAAT
CTCCACTGAAAAACTTCCCATAAGAGGACTTGGGAACCAGAACAGGACGAAAGTTTTCGATGCGCCAT
ATTTCAGTTCCACTATGCATTATCAAGGAGAGCAAATTGTACATATTGAAACTTATAAAAAACTAGAA
ACATCAGCAGAAATATCTTTTGCATACACAGAGGAGGGAAACTTATGAATGGACCAGCTGTTCATAAA
CAAACTAAGGAACTCCTTCGCAGGCGCTCAGTTAGATACTTAGATACTTCCTTTAGATAAATGGGTCA
CACATGAACAAGCAAGTTAGGCTCACTTAGCAAACCAGTTAACGGGTTTTCTAAGGATCATATCATAG
TTAATTCTTGATTGGGATAAAATGCTAGCCAAACTAATTGAGTAAACCAGAGCATTGGTTTTCAATGT
GCATATATGAGTGCAGATGAAAAGGTGGTATGCTTAAAATGCAAGTTATCAGACCTCTAGTATGACCT
CTAGTATACAAAGTACAGTTACATAGATGTTTGCAACGAGAAGCCTACGTATTTGATTACTATTACGA
AATAATTAAATTTAAGCTATATCATAATTCATAAGGTAAATGAAAAATAAATGGATGACCACCTCAAA
CGAGAAAAACTCAGCAGAAACTTTAGGTTCATTAAAGGACAGCCAATGCGTTAATGAATACTTCTATC
ACTAATTTTAACTAGTTATGGAGTAAGATTCCTAAATACCCTCATAGTCCAGAATAAAGGAGAATATA
ATCAACTTTACTTTCTGTCAATATACGCAGAAGAAAGAGAAAGAAGACAGCAGGGGAACACAAAAATA
ATAAGTTAAAAGCTTTTTAGATTTAAAGGATTATTCTCATTCCTTTAATATCTGCAGTGTAAGAATCA
TGCAAAGGTTTGTCAAAATAAACATTCCGATCGTAGACACAAAGGATACGCTTTTTGTCCAGCGCCTT
GAAATGATGGGTCTAGATCCCTCATTGAAACAGCCATGTTTTTAACGATTAGCAGTTTCTAACTGGGG
AAGGGAGGTAGAATAAGCCTGAAAATTTGCATAGCAGGGAATCAATATTAGGAGAAAGACCAAAAAAT
GAAGGAAAAACAAAGGAATAATAACAGCCATTCATACACTAAATCTATAGACTATAATACAACAGACC
AGCTAAAGAAATTTAGAAGGCATGGCATAAAAAAGAAGTAACAAAAACTTCAATCTAGCCGAACGGAA
TATCCTGCCTATCCCGAAAAGGGAACTCACCTCACCTCCTTCCCATGCAAGACAACCTTACAGACATG
AAGCTCCTAAAAAAATTGCATCCCTTATAATGGAGGTTTCCTAATAAGTTGGACCCAGCCTAAATCCT
GCTTCTGCTAAAATTGTTTCATTCCGATAAAGTTCCCGGTATTTTTAACCGGTTATAGTTACACAAAT
TGTTCACTTATGTGCATAGTGAGGCCTTAATAGTTGGGTGATAGCTCTTTTCTAGGATAGT 
 
PvG28 (+/-) 
ATAAAAAACAGAATTTTATAGAAAAAAACAACTAACATGATTTGAACTCCTAACATTCTACTGCCTTA
AACCCAATTTTACCACTACACCAACAAATATTTTGTTTAATTAGGAGGGACCATCAATGCATATATAT
TAGAAAATTTTAAATTACACATATAAAAAAATTTAAAAATCGCCGTCGGGGGTTGCCGAGGGTGGCCA
407 
 
CGGCCACCCCCAGCCACCCCCTGGGTCCGCCCCGGCTGGTTAGAGTAAAACTCGTCAAACATACGCAT
GTTGTTTAGTTAATACTTATTTATGTTTGATTCGTCAAAACCAGGGGCGGATTTAGGATCTCGAGTCG
GAGGGCCTAATTCGGGAAAAAAAATACAATCATAAAATAATCGATAAATTAAATGTTAAACATTCATA
TTTTGAGTTACAATTGACCTCTACGCTATGCCATTATTTGAAAGTATTTCATAATAACTTCCTTTGAT
AAACTAGTTGCAAAGTCTTTTTCAATATGCCATTATTTGAAAGTATTTCATAATAACTTCCTTTGATA
AACTAGTTGCAAAGTCTTTTTCAATAAGAACTAACAGATTATCACTCAACCACTCATTATTCATCCGG
TTTCGAAGCCGAGTCTTCACAATTTTAATCCCTGAAAATGTTCACTCAAACGTTGCAGTTGTGACTGG
TAAAATCAAAGCCAAATACAAGAGTTTATAAACAAAACAGGAATGCTAGATTTCTTTTACTTTTAACC
ATCATCCTAGTAAGATCATTTATTCCTTTTATATTCACAAGATCAACATTTGAGCGCATATCCATAAT
AAAGTTTTCAACTTGATTTGAAAGGGATAAAGGTCAAAATCAGAGAAATATTTAGGATACAAATTTGC
AAATCGAATCAATTTCCCGACGTCGAAGGGAGGGAATGAGTCGTGTGAATCTATAAGATGCGATGCAA
CGCAATAACTCGATAATTTAGCTTTTGAAGTTGCACATTTATCACGGAGTAAATAACTCGACACAATA
GTGATGAAAATTTGTTCTTTTCTCGGCTCTACGTAATAATATTTCCTTCACAGCATACACATCTTCCA
TGGTTAGAATAGAAATATCATTTTTATCACAAAAAATATAAACTTTTTCTACTAAATAGTCCCATCCG
TCATCCCTTAACTTTTGAAGTCATCTGTTAGAAATATAAACTAATCTAATAACATTCTCAATATTTTG
ATATTTTCTTTGCAACGCCTGCAATAAATCATTTGTGATCCCAAAATATTTTCCATCAGTGTAGTGTA
AACACAAAGTCAAATGATTGCATAAATGTTATTATAAGAGATGTCACATACTTGTGACGGCATTTTGA
CTCGTCATTGCTAATCTCATCAATCACGTCAACTACAACACCAAACAAATTGATCAATCATCAATCTA
TCAAGAGTTCTATAATGTGATCCCCAACGAGTATCACTTGGACGAATAATACAACTTTCTTAATTCAA
GTCTCCCGGTAATAATTTTTTCATTTGCTAGCTCATCAAATATTCAACTAGCTTGTGCATCTAGTAGC
ATATCTTTCTTTCTTACAAGAGCCTCCTACTGTACTCACAATATTAGAAAAAAATCAAAAATAAAACA
TTGACAAGTGAATGTATTTTCGCTACTCCACAAGAGCTAATTAAAGTTGGTAAGCAAAACAATGAATG
TGATGTGCAGACTCATACTCTTTCAAAATGAGAGCCTTTAGTCCATTAAATTGCCCTCACATATTACT
AGTTCCGTCATACCCTTGTCCACGCAACATAGAAATACTCAAGTTATGTTTTGAAAACAAATCATCTA
ATGTTTTTTTAAGGGACTTTGCAGTAGTATTTGCTTCTGTGTAGACACATCACGAGCTTCATCAATAA
AAACGAAAAATAAACCACCGACGAGCTCTTTTATTATAAGTTTAGTGGTTTCACGAGCAATAGCTTTA
ATAGTATCTTTTTGAATGAGTGAGAAGTTAATTTTAAATTGCCTTCGGCATTGTCAAACAAAACCTTA
CTAACCTTTTCACTGTTATCAGCAAGACACTGCAAAAGATTGATGAACAAACCTTTGATGTTTGAATC
TTGGGATCATTGTGTCCACGAAATGGGAGACCATGATGGAAAAGAAATCTACCACTTAATTGAAGATG
CAAGATAAAACATGTAATCATGTTTTGCTTGATTTGTTATCTTAACGTAAATAGTTTTGATATGTTGC
TCTTCCTTACCTAGATTTTTACTTTTCTCGTGCACTTTGAAGTGAAAACTATTAAGACCCCTGATGGA
CCTTAAAAATTAGGTCCGATGCGTGAACTTCAGTTCCCAACTGAGAACCAATGAAATTGCTCCCTTCT
AGGGCATGACCCGTACTTCTTGCTATTGTTGCGTAACCTGTGCACAAATAGCTAAGATCAATGAGTAC
TTGGTGGTTTGACCACCATTCAACCTCTTTCGCCTTACGGAGTTTGTTAGCCCGTGTGGCTAAACCTT
AGAGGGGGGTGAATAAGGTTTTTGACGCTTTTCGCCTAATTAAACTTAAGTGCAACTAACCACCCAAC
TAATGAAATTCTAAGCTTAAGCGTATTAACAAGAGTTAATGAATTGCTATAATTACTAAACGCAAGTA
AGAAAATAAGCAAAAGTATAAGTTGCGGAAAGTAAAAGTTAGGGAAAGAAATTGCCACCGTGATTTAT
AGAGGTTCGGCAAAACGGCCTACGTCCTCTCCTCGGTCTACCGAGTATTTCACTAAAAATAATTTTCC
CGATTTTAC 
 
PvG29 (+/-) 
TCAGTATGCTGATCACAATTAATTCTTTTATGGTTAACTACACTAACATGTTACCAATTTTTTATTAT
GTACATCAACATACAGAAACTAGCAAATTAGTACACTAACGTTACATTTATCAATGATTTAGTACACT
TGGTTTGGTGTACATAAGAATAAAAACCACAGGCTGATTTCCAAATAATCATGAAAACAGAAAAATCA
AACGTTACTCTTAACATTTTTTTTCTACATCTTGTTTACTATCATATCAATTCCTTTTTCTATTTCAA
CCCCGAACCGTGTTTCTTTTCTATGTAGTTCATAAAATCAGCACAGAAAAACTTTCGGTTGGAGTACT
AATTTCTCTGTATGCAATAAGCACGGCATTGCCTATTAATTACTCGAGACATGGAACAGGAACAGCAA
GTCAGTATAAAAATTAAAAGTTACTTTTCAAAAAAAAAAACCTGGAAATACTTTTAACATAACAAAAT
CAACTGTAGCAATTACCTCTTTTACAGCTCAGCCCTTCCTTCGTCTTGCTGGTCAGTTGATTGCCTGT
TCTTCTGAATAAATTCAATTATAGCTTCTTTGGTACGATCTCCATCGTACTGTGACAAAACTCCACTT
GCTGACCTGAAGTACAATGTTGGATAGCCTTGCACGTCAAATGTATCACTTGAGATGTCATTTGCAGT
GGCGTCCTGTAAATTAAGTCGAATCAATTTGATTAAGTAAGCCCACGTGTGTATGTGTACACACACAC
ACACACACACATATACATATACATTTATATGGTATACACGAAAATAGTTATGATAATAGGTCAATGCT
AGATTTTTCATCTTAAAATGGCAAATATTGCGGACAGAATTTTGCAGAAGAAGAATCATATCTATCAG
TTGCTGTAAAGGAAAAACGCATCAAGTAAAACAGTGTATGCTTGTTCCGATGTGAAACCATTTTCCAG
TAAATTGTTTCACATTTTCCAGTGCAATTGTTTCACCATTTCCCAGTGTTAAATTGAAGTTATTTAGG
TAACATATTTACACAACATTAGTAGAAAATGACTTAGGGTGTGCTTGGAACCCGGAAAATGTCAACGA
AAAAGAAAATAAAGGAATAGAAAGTAAAAGTAACATGAAATTATTTCCACTCATGTGTTTGGAAGTTT
GGGAAAACAAGAGAAAATGAAAAGAAAAAAAAACAATATGAGAGGGGGAGAGAGAGTGCTGGTCCAAC
TTTTCTCATTTGTTTTCATTTTCCTCACACTTTTGGAATGAGAGGGGGAGAGAGAGTGCTGGTCCAAC
TTTTCTCATTTGTTTTCATTTTCCTCACACTTTTGAAATGAAAGCGGTTTCCCTCATTTTACACGAAT
408 
 
TTTTCTCACTTTCTTTTGTTTTCTTTTAGACTAGTTTTATTATGGAGCCAAACACAAAAAATTGTTTT
CTCGCGAAATCATTTTCATTTTCCCATGAGTTTTCCGGGTTCCAAACACACCCTTTAAGTATTATTAA
ACAAAAGGTGGTTTTCAAGAAAACCGGGAAGGTCGTTTAACTTGGGCAATCTTTCAAAACAGTTTTCC
GATAATTTAATCAAAGATCACATTTGAATGGTCATTTGAAAAAAAAAATTAACAGCTTTGAAAAGCAG
TTATAAGGCTAAAACTAAAACATATTCCATTGCTAGAAACAGATTTGGAAAATGCATCCGAAATCAAA
ACAACAAGTACCAGAATAGTGACTAAAAAAAAACATATTAGAAAAACCAATTCTATAAAAAAATAGTT
AAAACCGTTTTCCCATTTAGTATGGAAAACGATTTGATAAGTTTCCAAATAGTTTGTACTTAAGCTGT
AAAGGTTTCGGAAATTGCATTTTATTTGGTAAGTAAATTAATCATTTCCCAGAACAGAATCTTGTTCT
CAAAAGAAAATTCAGAGAAAGATTATAGTATATTAAAACAACTTTACCGGAAACAAATTATAAATAAA
TAAAAAATCAATAATGGAAATAACTGAATAAAAAATCTATCAAGGTCGAAGGTTCTTTGAGGAAACTA
AGTATTTCAAGAAAATAGCTTTTGAAAAGAATTCCAAGAATAACTAGAAACAAAAACAATTTGAAAAA
CTTTCTGAAAAGAGTTAAGAGTTTATTTACAAAGGTTATGACTAATGATAAAATTTGACACCATAATG
CAAAAAAGTACTTTCATAAACCACATGGGGAACCTGAATATGATTGTACGAAATCATTTCTGTAAAAT
GACCTAAAACTTTTTAAGTGTTCCATGTAGTAAAATATTTTTAGTCAAGAAAAAAAAATCCTTACAAA
ATATAAGTTAATTTACTTCGCCTTTTCGGAGCCATAAAAGAAATATACGACCCAAGTAAAAAACAGAA
AACTCATAAACAATTAGAACACGAGATAACAGCCAAATGTGGTGTGCAACTGTGCATTACGGCAGAAT
AACAACTTGTTTTTAAAAACATATTCAGTAGAAATACAAGAAAACTTGGTAAAGAAAATCTTACAATC
TTGGCAATCACAACACCAACATCATCCTTAAATGAGGTAGCAACTTCATCCAAGATAGGAGCCAGCTT
CTTGCAGTGACCACACCATGGTGCATAGAACTCTAACAACACTGTTTAATAAAACATGGGAATTCATA
AGCACTTGAATGAACAATCTAATTTCTTATTATTATGAATAGCCCTCTTGTAAGAAAAAATAAAATCT
AAACAGGTAATCATGTTCCACATCAAAACCAATACTCATTCAAGTGAGAAAATTGAAAAAGGAAATCT
CAGTCTATAGCACCAATACTTTGACGCTTTAGGGGAGAGAAGGCACAAACCACTAGTAATTAATACAA
AATCAGTGAACCTCAAAGTCAGACTCAAGATTAAATAATGTCTATGGTTGCCACTACTCCAGTTAACC
CAAGAATAAGTAGTACTTAAAGGGATTTATCTTTACAGAAGAAATATGGTGAGTTAATATAAACATTG
TTCAACTAATGGTAACCATTAATGTAAGTGGCCATAATATAGTAAAATAGATGGATGGCAGGATCACA
CAGAAGCTGTTTGACCTAGTATTTCTCCAAGGTTTATTATAAGCAATAAATAGTATAGTATGCATTTC
AAGGCAAAAAATAAATATTACCCTTTATCACATTCTCGGGAAGGGGGGGGGGGACCCTTAATGTCATA
TGTAAACCACAAATCACATTATTAATATGTTAAATTTTATTTGTCCATATAAGTTGTCCTTTTCGGAG
ATAATTTATGTGATTTCAGAAAGAAAAAAAATATTAATTAAACTTTTTTCCCAAGACAAATATAGTTT
CAAGGTCATGCATGAAGGGGAAAGAGTAGTGCACGCATAGTTTCAACTTCTCTTCTTTGACCCTTGTC
TAATGTGTATACCTAAGAAGGAAAGGGGAAGCCAGAATAGGGAGGGTGCGAGATGAAGGAGCTAGATA
GAAATTGTAGTTTTTCTTAACTTGTCTGTGAACATTTAATTTTTAAGTTAGAGATCAGATCTGAGTTC
TGGAAGATTAAGGTAGTATTTGGTCTGGAGCTGATCTCAAACCCACAACAATAAAGGCAAAACATGAA
AAAGTTTAGAGAAAGGATACTCTTAAGTCTTAACAGACTTAGTGGTCTGTGGGACCAACTACCATTCC
CCCTTCAGAAATATCATATAATAACTTTAATGCACACAAAAAGTCACCATCAATATTTAACAACAAAC
AGCAATGGAGTAAACACTGTTACTACCCTTTAAAGAAAAACTAAACATTGGTACGCACCGTCCTTGCC
AGAGTTCACAACAATGTCATCAAAACTGTCAGCCACCACCACTTTAACAGGTTCGTCATTAGTTTCCG
GAATGGGCTCTGACTTTTTGAAAGGAAGCACATTGCCATCCTGGAACAAGATGATTTCAGCATTAGCC
AGATGAATCGTTATATCATAAAGCATATGAAACGTAAGGCTCAAGTCCCGATAGTTGACGCCAACTTA
CACATCCTTAAGAATACAAATCAACTACCACAGATTATCCATTAATGTTCACAATGATAACAAGCATT
ACCTTGAAATCCTTCACCCATGATGAAATTTGATCAGGCTCCAAATTGGGCTTAAGATATTTCTGTCC
ATCATTGGTCTGTACAATGACGAGAGGAGCCTGGTCCTCTTTAAGCCCAAAATACTGTTAATTTAAAA
CAAAAAGTTAAAATGGTAATAGGAAAATATAAATAAAGATACCTCAAGTATAATATACTATACTATAC
AAACCTGGAGGGCACCTTGACTAGATTCAATATCACCCAACAGAAACTTTATACCCTGTCCTTTAAAT
TGCTCAGCAACCTCACGATATTTGGACTTGAAAGCATCAAGAAGTTCACTGCTAAAGTTCATAAATAG
CATTGCCTGCCAAATGCCAATTAAAACAAAATGTAAAACTCATACGAATATACACCATCAAGTCATCA
ACTATCACAATGCAAGAGCAGACTCGCGTAAAGCAGGTAGACCAAAATAACGAAAAAATTAAAGCCAA
CCCTAAAATGGATCGACAGCATGCCCACGAAAAAACATGATAAAATGCAACTTTCATTAGTCTAAAAC
ATATTTATGAACACACTCACCTTGGCATCGGGACTATTGAAGAACTTGACAACAAAAGGGTGATTTTC
AGGCTCTTTATTAAAAAGGGTCACAAGAGGCACACTAGCTTCTTCAACAAACTTCTCAAGAGCATCCA
AGTCGAAATCCTACAAGGTAACATACAACACTTTATATCATCATAAACATAGAATTACTTGCAAGAAA
GAGAGATTTTATGGTACACAAAAAAACTCAAGGAATTCGCAACTTTAACCTACCTGAGAATCAACAAC
TAGCTCGTCAAATGGCTTGAATAATCTAACTGTAGGCCCAGAAACAGTTGTATCTCCACGTGGCAAGA
GCTTTGCATTTAAAGTGTGACCAAACTCATAGTCAGAACGGAACTTATCGGTAAGAGCCATGAAGTTT
TGGAATTTCTCTCCGGAAAATTCTGGGAACACTCCAATCTACAAGTTTATCACAAACCCTGCTTTTTA
ACCTTCTATAAATACGAGATAACTTAGCAATACGTGAACGAAGGGTTGAAAGTTACTTACAACAACAA
TCTTTTTCTCATCAATCACAGCCTTCGCATCTTCAGCATTCTTAATTTCAGCAGATGCGGGGCCACTT
TGCTTTTTTAGATATTCGATAATACCTTCGGCTTCCCGAGGTCCTTTGTAATCTTGAACAATTTTGCC
TCCGTTTCTAAAAATCTTAAGTGTGGGGAATCCCTTGATGTCGTATTCACCAGCAAGCCCTTTGTTTT
GTTCCTCATTAGCATCAACTTTTGCTAGAATGACCGGAGGGTCATTACTGCTCAATACTGATGCTGCT
TTCTCAAACTGTAAATCGAACAAAAATAATCAATCTTCAGATTATCAAGAAAATGCTATTAAGGTAAC
409 
 
AGATATATGAGACAAATCACATTAAGTTTAGTACCTCCGGAGCAAGCTTTTTGCAGTGTCCACACCTG
TCAGAAAATAGAAATCTTAATAAACATCACAAATAAAATAGAAAGTCTCGAGAAGCAGAATTCAAAAC
AGTCATCATATAGTCAAAATAAAAGTATTAAACTTAATAATGCCATTGTGGTAACACAAATCACAAAT
AACTACCAGTTCAACTACCAACACATTGAAAATAGTGAAAAAAATAATAAGAACGATACATGAATACA
ACTTGACAGAAAGGTAAGATACTTGACTGGACAAAGGAGTGAAAGAACAAATGTAAGAACATGAATAG
GATTGTGTAAAAGAAGAATCATCTTGAGATCTTGTGGTCTAAAAGCTACTGGTTTGTTACAAAAGGAT
ATGGATTAAGTAAAACTAACAATCAATCAGCTTGTATAATAGCCAAAACAAGGAAATTCATATTGTTA
ATTACACCCAATACTTGTACGTTTGCAATTTGACAAAATAGACTACTACGCACCTATCTTAGTTCAAC
TCCCATTTGAATCAACCCATCAGGATCACAAAAGACAAACTTGCTACACAGAATGCATATAGAAGATG
CATGGATATATATATACTGGTAATCGTGCCCCACGCGTTGCGTGTGTGACGCGCAGTGCAATCAAAAT
ATAGAAAATAAATGTAGTTATGATACAAATATGTGGATAATACAAAAAAAAATAAGTATAAGATGATA
AGACTTAAAAGAATGTTTGGTTGTTAAAGAGGGATAAATAGTGTTATTAGTTATTAATTTTTACATTT
TTTTATGTGAGTATGGTATTATTGTAATTAATAAAAAAGTATAGGGGTATTTTTGGAAAAAAGTGGCT
AAATTGGGCAGCCTCATTTGACTTGGGTTGGCTTATTATAATATAATATAGAATGATATATTCAATAT
ATACTTCGGGGGGAGACGCATTCTGGAAAAAAGTTAGATTTATTATTCTCAAAATGTGGAAAGAACCC
ATTTCTAGCCCGCCCTACCAGCTTTTAACAATTAAGTACCCAATGTACTAACTTCTTCATTTTGGTAG
CCAACGTAAATGTTTCACGTCCAATCAAGTCACATATTGCAATTATATGAACGGAATTTCGTCACATA
AAGAATAGGCTAGGTACCAAAACGTTGAAATTGTTAAGATGATATTAGTTTGGTCACATGCTTTGTAG
TTTGGGTGCCAAATTGGTAGGACTAGGTACTAAACGTACACGATCATTTCCCCAAATAGAAAACAATA
CGAGTGACTTGATTGGACATGAAAAAGGTTATGTAGGGTACCAAAATGGAAAAACTATACTCAATTGT
TAAAAGCCATGTACTAAACGGGCTTTTTTTAACTCAAAATGTCATAATTAAAATTGTTCAAAATTTAT
TTAAATCATCACTTACCTTAAATATGTGACAATTAAACTCTGCAATTTCGTATTACATTTAAAAATGG
CACATATCCCCCAAAAAATCCAATTAAATAGAAGCGGATGGAGTAGAGAGTATAAACTAGTCACCGAA
GCACAAGAATATCACAAAATAAAGCTGGGAAACTTAACGTTGAGTACAAACTTTCGGACAAAATTATA
AATAAAAAAAACCTAATTGTATTTTTTTTAATTAGATTTTGGTGTATAATAAAATTAATGAAGCATCA
TTGAGCATCTAAGATAAAAAAAAAAAAAAGGATAAAAAATATGCAACATCATTGCGAATCATACCAAA
TCTTAAAAGAGATTTTCTCGCCCAATATATATATATTTTTAGTAATTAAGTCTCAAACTATATACTAA
ATGATTACTTTTCCAATAATGTAACCAGTTTCAGCTAAATTAGAAACAAAACACCATTATGAACCGAA
TCTCAGAACTGAATCTAAAATTCCCCTAATACATACACTGACACACATATAAAAAAATAAAATAAAAT
AAAATAAAATAAATATATATATATATATATACCAAGGAGCGTAGAATTCGATGACGATAAAATCATGC
TTGGCCACAGTATCGGCGAAATTGGATTGATCTAGAGTCAACACGTGTTCCTTCAAGGTTGAATCTGC
ACCGTCCGATGAAAGGCACGGTGATCCAACGAGTGATAATACGACGACGAATAAGCTGAACCAAACCC
TAGAATCCATCGCCAATGAGCTTTCTCTCTCTAGAAAAATGAAAAAATAAATAAGATGGAGGAGTTTG
TTTTCGATCTGTGTCTGCTAGTGAGGGAGTTTTCTTTTATAAGAGTGAGGGACTGAGTTTTTTATTTT
GTTTTTTTTGCAGTTGTGAGCCCCTTATTTTTGAACTGGGTTATTAATTAATTCATTCTACTAGTTTA
GGCATTTATTAAACTTTACTACACATTTGGAAAGCTCATGTTTAAGTAGTAGTACAAGTTAATATCTT
GCTACTTGTTTGTTTCAGTACTTTTGGCTTTAATTAAATTTTACCCAAGAAAATTAATGTTTAGTTTG
TAATAGTCTACATCTTACTTTTTTAATGAACCATTAGAAAATTCTATCTAATAAATAATTTAAGTAGC
CAAATTGATTAGTGGAACCTCATTAACCATTACTAATGAAAAGCGAAAGTAGTACAAGTTAATATCTT
GCTACTTATTAATTCCACTAGTTTTGGCATTAACTAGATCT 
 
PvG30 (+/-) 
GAACCATTCATAGTAGTTCGAAAATCTTTTTGGTAAAGTACACTAGTAAAGTGAGGCAAGTAGGAAAA
TAAAATGAACGACCTCCAAACATAAAGTCAGGAAGAATAATGCAAATGTCATTGCTGGATTCCTGAAT
ATTATATTTTATGGAAAGTATCAAGAAGTGCAATCTCAAAACTTTCTGATTAGATTTACTCAATAAAG
AAAAGGGCGAAAAAATGGCATGAAAAAAGAAGATTCATCTCTATTATTATCAAAAATTTCCAGGTACT
CCCACAGTTTATACTCTCAAAAGATTGAACATTAATCCATCAATGGAAGACCATTCACCAAATGAGCT
TTCATAATAAACCAATAAACGAATATCTGTACAATTTTCTTAACTACCTAGCTGAAAGACAGAAACTA
CACAAATGACCAAAACTTAGCTTACATTTGTTCACCTAAATACTGCTGCACTATTTTTCTAAATTAAA
TTTTCGCTGTCAATTTGGTTATTATTCGGGATTTTGAATTCTCACATGCTCATAAGCTTTCAGCGCCT
CAGAGGTAAAATTCCCTAAAGCCTCAAAAATTGGGATCAAACCCGCTTGTATACTACTTGAACCTGTG
TTACTAGCAGCATCTCTGTACCTATCTTCGGTCCATTTCTTTTTCATCATATCTAAATCCACTTTTAA
ATCATCCATAGCTGAAACTCCACTATCAGATGTAACAAGAGACCCGCTATCACTAATGTCTATTTTCC
CCCTCTCCATACGCAAAAGCCTAAGTCGTTTTTCAAATTCCTTTGAAACATATTCCGCTTTAAGCCTT
TGCCTCTGTTCTTCCCCTTGGTTTTCCAACAACTGTTCCAAACTCGAAGCAAAATTCTTCATTGCCTT
TGCTACCTTTCTTTCAGAAATCGAATCCATTGCTTGAGACCAATCGTTACAGATTATGAAAGTTTGAG
GGGCACCGATTCGGCCAGGGGAGTACGGAATAACTCCATCAGGGGAATCTTCAGGTTCGTAAAATATA
CACCTTACTAGCCATCCGTTTAGAGATTCGACGAAGGATTTTTGAGTTGTGATCCAGTTACTAAAATG
GCCATACCATGATCGGAGTTCCACTTCCAGGTCAAGGGTGGCTTTTAAGCTTGCTCCTCCCCGAGAGT
TGGTATTTGTTCTCAAACTACGAGCTTTACTCTCGATGATAGCCTGGAACTGCTTCTGGTGGCACCTC
AGCATGCTCCTCCACATTCTTATCAATCTGCAAGGTGCAGTTATATATATAGCTCAACTTGGCAGCAT
410 
 
AAGAAGTGAAAAAATATTCATGGTATTTGATTTTTTTTTTTGAAAGGGGTATTTGATTATGATAAAGA
AACTTTACAAAAACAGAACAACCGGAGCATCATGTAATTGCAAGCATGTAACAGCAAAACGTTGGCTT
TTTTTCTTCTGTCCTGGAATCTAGGAGTAACCTAAGCCATTTTAATATCAAACTGAATATGAAGTATA
AACCTATTAATAACACCTGAAAAACAATATTAAGCTACTATATGAGAGAACGATTTCAGTAGTTCTCT
TTCACAGATATGACAAGTCAACATAGACAGGCTAAGCGTTTATTGGACTTGAACCAATTACGCATAAA
TAAATTTTAATGATAATAATGCCTCCAATGTTCATATTCAATACCTTATTCATACGTGTACTATGCAA
ATTCAATCAATTTCTCCTGGCTGAAATGCTTTTCATTCTTTTCGATCTTGTTGGGCCGTGACTGAACA
CTAAGCCAATCTCGATAAAGAAAACTACAAAGCAAGTAGATGGTTGGACATTGGAGACTACACTTTAC
ATATTCAAGTGTTTTTAGATCAATTCTGCATCACTTCCTTTAAGCTTTTGATATTTCATTATTTACTA
CTACAAACTAAGACAAGCATCCACGGTAAAAAGAGAGAGAGGCTCATAAAAATAAAGCACATTTTTCT
TGTGATAGGAAATTCTCTAATAGATGGTGATAAACTTAAAATGTTAATACTTCATACCCATAAATCAA
TTCGGAGACTTGGGGTTGTAACTCCTCGTCCCTCAACTTGTGTATCCTCTTTGATATAGCATCAACAG
ATCTAATACAGACATTAAGTCTTGTGAGCAACTTTCGTATGGAAGCTTGTGTGGCGTCAATCTTACTA
GTCTCTGCCCCACGCTCATCCAGAACTTTCAGCCTTTGGCATTGTTTTTCATACATAACACGAAACCC
TTCTTCATCCTGAACACAAGAGAACTGTTTTAACATCGGAACCAAAACTATCCAACAATTGCAACAAG
TATGAAAGCATGATGATAAATCATAAGGTATATGTAAAAAACAAAGACATGAATGAAATTGGAGTAAT
GTCCAATGCATGATCATGCCATTTATTAAGTCTGTGACTACATTTAATTGCTTCCCCCAAATAAATAG
CCAATCAAAACCTCCAATACGATCAATACAAAAAAAATGAGTAACAGATAAATTCTAGTTTCAATTCA
GGTTAAGCACTAAAGACCTTGTTACTCTTTTGTTAACCGAAAGACATGCACCTCTAACGTGGTTACTA
AATTGTCAAATTATTGTGCTGAAATTGAAAAAACACGTTATAGTATAAAATAACATGTTACATAATTG
AGATATTCTTCAGGAATGCGTCAAACAGACATCCAGGCAAAATCTTTTTAACTTATATCACTCTCAGA
ACTGAACAAAGGATACAGAATCACTGTCCAGTAAAACTAAACATGTATACTAATTGTCCTAACATATA
GACAATACAGTAAATATTAGAGGCAANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNTTCATAATTTCATCTATATTGAAATGTTTAGGTCCACCAAGTGGATCCTAAAAAATATCC
CATCACTGATTGTATACTAATTGTCCAGTAAAACTAAACATGTATACTAATTGTCCTAACATATAGAC
AATACAGTAAATATTAGAGGCAAAAAGAGATGGATAGCGTTTTTGTCTCCAAAAAAGTAGCATGGAAA
CTTTTCATAATTTCATCTATATTGAAATGTTTAGGTCCACCAAGTGGATCCTAAAAAATATCCCATCA
CTGATAGAATCCAAAGCACGCATCAGTCTAGCACTCCTATTGATACAAAAGTTTCTGAATGGAAAAAA
AAAATCTATTCAAAAACAAAAGAATCCGTAAACAATAATTTATTTTCTCACATGAAATCCTAAGAACA
ATTTGATGTACCAAGACTTGGGTAGATATGCCGAGTAAAAAGGGCAAAACTCAAGACTGGATATGGCC
GAGTCTCAGCTTACAAAAGGAAACTAACTAAGCAAATATTAAAAAAACCATGCCAACAAGCCAAAATA
CCTCCCTATCCCTAAGAAGATGAAAACGATGAACATAAACAACATAATAGACATATATTTCCATTTCC
TTTACTTCCTGAAACAATGAAAGTGTGAATCTCCCAAATGAATTGTACATTAGTCGAAAACCATTAGT
TTCTTAAACTTACACATTCCAATATTCAAGAAATATTTATATAAAACTGGGCGACATACTGTCTCTCT
TCCTACATCAAATGCACACTAACTCTTAGATAATATAATTAATAGATTTCTAGTACATAAGGTGTATA
AAGGAACATGAGAAGTAGAACAAACAAAAAAATCTGTTCAAATATTATGCAAGACCAACATCAATGGG
TACACCAATATATCCAATGTCTCTAACTTAAAAAAAAAAGGAATTAAGATCACAGTTGACAGCATATT
ATGAGCAAAAACCAGTATAACTTTTCAACAGCAAATAATTCTTGTGAGGTCCATTGTGTGAAATGTGC
AATCAGAAATTGATATTATTCTTAAATTAATTCTGTATTCCAGAACTATAAGCATTTAGCACTACCAT
AGTACTTTACTAGAATAAAAAGCCTATAAGATGCAATGAATACTCACATCCCATAAAGCAGCAGTTGC
ATCTGTAAGTCAGGGGAAAAGGTTCTTATTCGACATTTTTTTAAACAATTCTCAAGAAAATTATGAAA
TGGATCAACTTCAGTACAAATAAAAGCATTATTCCTAGCCATTTACCCCAACCTTGCATGCAATCATA
GTTATAGGATGCATATATTTCTTGGCAAATATAAATTTATCCAGAAAATAAAATCAAAAGTAGCATCA
TATTACCTTTACTTCTTTATATAGTTTCTTCTCCCATACATAAAGCTTCTCCAACGTTGATGAAAGGT
TTCCAGGCTTCAGACCCCTGTTCTTTTCTGAGTCCTCATAATACGCTTTTGCTAATTTCATTGTGCTA
TAAGAAAACTTTACTGAGCGTGTAGATGGAGGGTAAGAAGATGGAGCTACCATGTATAGGACACGAGA
TAATAACACTGCATTAAAATCACAAGTTCTATTGAGTAGTGAATATCAGTGCCGATATCTACTTATGA
AAGCTTAACAATTATCATTTCATAGGAGATCTTCAATAGTTAGCAAAAGGTGATTCAGAGGAATGGAT
GATACACTTATCCCAAAATTCAGTCACTGATTAAAAAAATTAAGCTGGTTTTCACCACCTATAATTTT
TTAGAACTTTCAGTTATCTGCTTCTTAAAAAGAAAAAGGTGATGTACAGGATTAAAACAATGATTCAA
CTAATACAAACATCTTATTGCTTTTGATTCCAAACATGTGAAGATAGACAGTTGCATCAAACCAGCAC
AAAGATGGATGTGTAAAATACTGGCTTAAATATCATAGATATCTTCTGAATAACTACTATAACTAAAC
TGAACTACCAAATGTGCTACAAACTAGGTTTATGACTTATTTAGTTAAAAGTATAAGACCTTGAATTT
CACTTCATTCTAGTTATAATTTTCGAATGGCTATTAAAAGTTAAATCATGCCTAGTTGCCTACTATAC
CCTTGAATATGGTCGACCCACAAATATCTCTCCATATTCCATCCCTCTCATCAAATTAGATAGTAACT
AACATTAGAACTTAAAATCTCTCATCAACAAATAGCACCTACATTATACATAACGACAGTATACTATT
AAAATTTATAAACTTTAAATAATTAGTATGCTGTACAAATATTTAATGCATATACTTTAGTATACAAC
AAAATAAATTTAAAGACACTAATATGAAATAAAGTTGGGCTGATAGTAGTTCCCAATAAATAAGTACA
CTAAGGAGTACTAAACAGAAATTTTTCCAAATTATATCACTCTGCAAGTGTAACTGTATCACCAACAG
TGAAATCTTGTACTAGCATTTCATCACATGTTAGATATAAGACCAGCAGAAAATTAAATTAAAGCGTA
ATAGCCTTAAAACAACAATAAGGACAACAAAATTAACTCAGATAAATAGATTTAGCAAGGTCACCTTT
411 
 
AAGCAACGCGAATTTAGGCTGATGTGGCAACTTTCCAACTTCAAGCAACATAGCTACCTCATTCCCAT
AACTAGAAGCTGTAACAAATTCATCTCTAATTTCAGCAACAACTTCCTGCAAGTCTCGTGTACCACGA
GCAGAGAAAGTAGCCAAGCTACTCAATCTCGACGATTCTATATCGTGTAGAGGTGTTGTGTCTACCTC
AAAAGTCACCCCTTTTTTCCTCATTGACCCATCTTCTGTGCTTTTAGTAGCAGTGGTATCAGGACTGC
TTTTTACCTCTTTTACGTCAACCGAATATGCCACCTCATCGATTTCTGATGGCACTTCCAATGTTGTT
CGTTCACTAAAATCCTGTGCTGGCACTGACTTTGAACTTCTCTTACTAGACTGTTTCTGTGACATTTC
ATCGTAATGCTTTTGTGACATATCACTATACTGCTGTTGTGATGGACCGGCACTTGACCCGCTACCAG
GTCTTTGTGATAACCCATCTCTAGAACTGCCCTCTCCTTCCCTTTTCCTCATTCTATTTCCATTGATA
TTTTTCCTCTTAAAATTTTCCCTATTTGCTTCACTCTCTGTTTCATCTTCCAAATCAGGAATTCCCTC
TCTCACCCTCACTTCAGTTGAATCAGGACTACTTACATTTGAACCGTTTACATATGATCCATACGTAA
AACCAGGGTAACCCATATCGTACCCATCAAACGGATTAAGAAAGTCCCAACCAGACGCCTTGGGTGAA
GGAGGAGGTGGTGGATCAACCGGACGTTTTGGTTGCTGATTCTCAACCCCACGAGATTGCATTGGGTA
CCCATAAAACCCTCCATTCTCATATGGATTATTCGAATATGAATTTGGATATGAATTTAAATATGAAG
TCGATGTTTCTGGAACTTGCCATGATGACGTGGACTTTGTCGGATCGTAAATTACAGAATGGACCTGT
GGCGCAGATCTCTTCATGTAATAAGTATATGAAGTTGATTGCGTTCCGTATTGGTTCCAATCTGGTTG
AAAAGGTGGGTTCATGGGATATGAACCCCATCCTGTTTGAGGTTGTGGGTATACATTATAAGGTTCAA
AACCCATCCCAGGATTTATCCCGTATTGTTGCCAACCTGCTTGAGAAGGGGGTGATGAATACGAAGTT
CCTTTATCCTTACCACGTGGACTATCACGTAAATGAATATGGCCTGATGATGAACCAGATTCGGAACC
AGAATCAGAACCAGAAGATAAATGCAAATGTGACCCTTCCCCAACATGGTCGTGGTTGTGGTTATGGT
CATGATCATGATCATGGTCATCATCTGAGAGATGAATATGTGAGCCTGAATCTGAATGTGTCGAAGAA
GATGAATCAGAGTTAGCCCTTTTGTGATCAGTGTTTATAGATCTACTACTGTTTTTCTTCTTCTTTGT
TTTTCCTTCATTAGAAGGCAATGTTAATACAGGAGAAGCTGATGGTGACATAATTAAGAGCTCTTCAT
CAATGAAATGGCGAAGCGCGTCGCCAACGCCTACCAAGGAACGGAAGTATGTCATGTGGGCGGCTGCT
AGAGCGTACCGATGGTTGGCTGCATCCCGTATCAGTGCCTTTCTCTCTCTACATCTAATCACCAACGG
CAAGTCGTCCTCTTTCGAACCTCCGCAGCCCATATCAACCACCACCACCAAACAAATTTGTACTCCAA
AACTTATATTTATTCATCCCTATACCTACATCACAGACCAAATAAAAGAATGGTAAACACTAAAAGCA
TTAGACCTACAAGAAGTCGTACTCAAAGGGAAATAAAAAAAATGCATAAATGTTTTAGAGTCATGCGG
TAAAGATGTAGTATGGGGCCAGAATTCAGAGCTCAACTAAAGATAAATAATGTCATTGCATTTACTCT
AGTGGTCCTTTCTTCTCTATGATAAATGAACATCCCCTTGTCTGATACTCTGATTCATTGTTGTCACT
AATCCTGAATATTATTTCTATTCCAGGTTCTGAGTAAATTTGAAATTGTAGAGAACATAAGTTCTAAC
TTGATAACATTACCACCGTGGGTTCAAACTTCAAACCACTGTTTTAAATAGCTCGCTTCGCGGCTAAA
AAACTCGATTCATAGTTTAAAAAAGCGGAAAAAGCTTGCTTTCCCGCTTTTTTACAC 
 
PvG31 (+/-) 
TTAGCTTTATCTTCTTCAGTGCTGGGAGGGCTTCAAAGAATGGTGAGGTTATCATTTAAATAATCCTC
CATATCCTCGTTATCAGTCTCTAAATTTTCATCCATAAGAGATTCTGATTTTGAAGAATTGGCTTGGA
AGCAATCGGAAAAATCAACGTCTAACTGCTGTTGGAGAAATTCTAATAATTTTTCCTTTTTCCTTGAT
CTCAATATTAGATCCTAAAGTAAATTTCTTTTTAAAATCAGAAATTGATGGTAGACCAATTGTCTTTT
TCTCGGGAGCATATTCCCTTTCCATTTTATTAAAGGATTCAATAGTCTCTTGAATTTTTATGAGGATT
AATTTGTAATCAAACTTAGTCCACCATTTATAATATGATTGCCTAAATAAGGTCATAATGCCAATTTC
AGTTGGTTTAATGGCAAAGAACCATTGCCAAATCCAAGGTAAACTGAAAGTGGTAATAAAACGGAGTA
AATTACTCCCTTTAACAACTTTCACCCCCGAATTTTTGGGTTACTGGAAAGATAATTTTCATATTTCT
CAAAAATATCAGGAGGAAGAATATCCTCTTCGGGTCCTATAAAGGAAAACCAATTGTAAAACCAATAT
GACAATTCTTGGGTCAATAGGAATGGTTCTAAACGAATAAACCATGTATGTTTTTCTGCGCGATTTTG
ATAATAGAACGCATGTTTCCAAGCAGAAATATAATCCCAATAATTGTAATTTTTGTGGGCGAAGTTTA
ACTGAAGAGGTTTATTAGGATTTAATCCCCATTCGGTAATATGAATAACTTGGTTAATAAAAGCTTTA
CTAAAAGAAATATCTCCAGTATGCTTATTTTGGTTCATATGATTAAAAACTACTAAAACAGTTTCAAT
AAGTATGGATTGAAAATATTTCAGATCTTTGTTATCAATTAGAGGGAAATTAGCCTCTGGGTCAAAAT
ATCTTTTGGCCAATGTATTTGGCTCTTTAAGAGCTTCAAGAAAACTTTCTTGGGTTTTTCCCGAAGAT
AAATAATCTTCATAATCAGCAGGCTCTCTCTTTGACCTAGGCGCTTGGCTAGAAGAGGATCTGGATAT
ACTTTTTGCAGAGGAATATCTCTGCTGTTGTTTTTCTTGCGAGGAAGAGGAATGTCCTCTTCTTCCAT
GACTGGAATGTCTCATTTAGAGCCCAAGAATATATTCCCTGGTTAAAAAATTAGGAAGAAAATTATTT
TCACCTTTTATGTATTCAATATCAAAGTCAAATATAGACAAAATAGATTGCCATCTTGCAAAAATTTG
TTTGTACGCTAAATTTTTTACATCATTTTCTAAAACATCTTTTGCAGTTTTGCAACCAATTCTTAAAA
TAAATTTTTGATTTAATAAATCATCTTGGAATTTAGTAATACAATTAACGATAGAAAGAATTTCTTTC
TTTATAGTAGAGTAATTTTTCTGTGCATTATTCCATTTGCCAGACGTATATCGAGATAATATCTCATT
ATGTTTAGAAGGGAATTTCTGTTTTAAAATTCCACCATAACCAATATCTGACGCATCTGTCTCCACAA
TTTTAAAACTTGTAGGAGATATAAGAGCTAGACAATAAGACTTTTGACTTTTGACTTAATAAGTTTAA
CAACATTTGTATGAATATCACTCTATAGGGGTGGATTTTTCTTTAACCTTTCATATAAAGGAGAACTA
TCAATAGAAAGGTTTTTATAATAGTCAGCAATATAATTGAGACTGTCCAAAAATCTTTGTAATTGGGT
TTTTTCTTGTAAAATAGCAGGGAATTTATCTGCAAATTGAATAGCTCTATCAATCGGAATAATCTTTC
412 
 
CTTGATCGATTTCCTGTCCTAAAAATTGAATATGTATTTGGAATAAAGACATTTTAGTAGCAGAAACT
ACTAAACCAGCATTTTTTATGAGTTTAATAAAAATATTTATATGCTTAAAATGTTGGTCTATATCCTG
AGAAAAGATGAGAATATCATCAATATACACAATGCTAAAAGACGAATAGGGATAAAAAATATCATTCA
TAATGTTTTGAAACTCAGAAGGAGCATTTTTTAAACCAAATGGCATTACATTCCATGCATAATGTCCC
ATAGGAACAACAAAAGTAGTTTTGTACTTATCTTGTTCAGCAATCTGGATTTGCCAATAACCATATTT
TAAGTCAAATTTTGAAAAAATATTGGCAGACTGGATCCTAGTAAGTAAATCCTTTTTATTAGGAATAG
GATACCTAATCCATTTTAGAACCTTATTTAAAAGTTTATAATTAATAACTAATCGAGGAGCACCTCGT
TCTATCTCTGTATTTTTATAAACATAGAAAGCAGTGCAACTCCAAGGGGAATAAGATTTGCGAATAAG
CTTTTTGTGTAATAAAGAATTTGGAAGTGTAACTATATGCTTTTTTCTGTCCCAAAAAGCAGTGGGAA
GGTCGCTACAAATTTCTCTTTTGATAAGATTGGTGACAAAACTAATTTTATCTTTTTGAGAAATAATT
TGTTTAGAAATATTCATAATTTTTAAATCCTTTTGCAGAAAATTGATTTGCTTTTGTTTATAAATCAA
AGTTTCTTTTATCATATCAATTTTTCTAGTTTGTGGCTTAGTAATATAGTCAAACATAATATATTGAC
CATTTGTCTCAAAAACGATACCCTTTGATGTAACCATAAAAGGTTCGATTAGATTTAAAAAGGGAGTA
CCCAAAATAATTTGTTGAGTAAGGCCTCTAACCATAACAAAAGTGGTTTGGAAACAGAGCCAGAATTA
CAAATATAGGCATTAGATAATTTATACTGGATCTTCATACGAGACCCATCGGCAATATTTAAAAATTG
TGAAGTTTTATCATAATACTGTGTAGGGATTAAGCCTTCACAAATACAATTTAAATCAGCTCCACTAT
CAATAAGAGCTTGACCAGAAAATGTATATTCTTTATTTATAACAATAGTGACTTGAGAATGCCACTTT
TGATAAGTAATTCTATCTATAGTATTAAGAAAAGTTTCATCATCCGAACTGCGACTAGCCTTTTATTC
AATAAAAGGAATATCCTTTTGAATAAAAACTTTAAGAAATTTAACCTCATTTTTTAAATTATAAATTT
CGCTGCGTAAATCAAAAATAGAAATCTCTTTTATTTTAAGGACATTAATTTCCTCTTTAAAAGTTTTT
ACCTCTTTATGAATTTCTTCAATTGAAATACTTTTAGAGGGAAGGGACTGAAGTCCTTGAAACACCTG
TTTTAAAGAGTAAGCTTCTTCAGGAATATAAGAGGTTTCTTTTTGCTTACCTTTTGTAAGAACATCCA
AATAATGTTCAATCATTTTTTTATTAACATCAGAATTATCAATTTCGTTAATAAGATCTAAGATAGAT
CGCTCTTGAGATGTAAGAACATTAATACTTAATCCATTCATATCAAGCATGGCTTTGTAGTGATTATC
CTTACAACCACAATCAGAAGCAGATGAGCTGCTATTTTGTTCAGACTCATCATTATAATCTTCGTTTA
TCTCATTAGTATTTTCTGACTCATCATCAGAGGAATATAACATGACAGTTATAAGCTGTTTTTTCAGA
CCTTCAACAGAAATTTCATTTAATTTCTGCTTAGTCCAACATTTATTGGCATAGTGGCCTGTTTTTCC
ACACTTTCTACAAACAACTGAAGCATTAGAACTAGGCTTAGGTTTGGGTCTAAATTTAGAAACATAAT
TAGTCTGATGATTACGAGTCTCTCTCCTAGGTTGAGAAGATTTTTTAAAAAATCGTTTTGATTTAGAA
AAATGTTTTCTCTTAGAAGAAACCTTATTATAATGATTTTGAGGAATTTGTAAATCAAATCCAAATTG
GTCGCAAAAATCACCAATTTCTTTTCTACCGGTCAAATTTTGACTCTTTAATTGGGCTCGAAGCTTTA
TGTCGTTACAGAGGGATAACGCTTCACCATCACATTCACTAATAAGTTGCCCATAAGTATAATTATGG
TAAGGGATTGTAGTTTCCCCAGTTTGCCGTAAAATTCTATCTTTAACCTTTTGGGCAAATAAATTTGG
AAGACCTGCTAAAAAAAATTCTTGACAAAAGTTTGCATTAGTATCCGGTCTCATCATAATTTTTGTAA
GGAAAACATCCTTATACCATCTAAAATGAGTTAAAGTTGGACATTTAAGATTAATTAATAAGTCCTTA
TTTCGTTCAATAGAAACGGGATTTGCTCCAATAAAAGCTTGTAAAATAGCAGTTAACAGAGTATATAC
TGCATTTGGTGAAACTGTATCCGTATATGAATCTAAACCCTGTTCGGTTTTTATAGGATTTCTAACGA
TTTTAGTAGGTGTTAATATCATTCTTTGTTGTTCAGGAGACATAACATTGTCCCACCAACCACGTAGT
TGGCCTGCAAAGCCTGCTACAATAAATTCGGCAATTTAGTAGTCTGTATTATTAGCACTCAAACATAC
CGTAGAGTACATAGTTATCCTATGTAGTAGTACCATAATTTGGTACTCAGTCATACCATCTATATTCC
ATTCATAGATGGTTCTAGCGCTGAAAATAGCAGCAAGATTAGCACTCTCTTCTTCATAGAGTATATCT
TGTGTCGTAGGCCTAGAATAATAATGCCTCATAGGGGGCGTTGGAATGGTTTTTCGACCAAAAGCTGT
AGATTTACCAAAAACATTTTGGTTTATACTAGCATGTGTATTTGGAGTATGTTCCATGGCTAAAAGCT
GTTCTTCAAAATTGTTAATACTTTCTGTATCAGTGGGAATTTCTGATAGAGTAGCAATTTGTTTACCT
TTACCAATATTAAGGCTTTCTAATTGTTGTGTTAATAACGTAATAATATCATTATTCGTATTAGAAAT
AGTAATATCAATACTGGGTTTTAAAATAGTAGGTTCAATAACCTTTTGTTGAGGGGTGTAAGAATAAC
TAGCTACATCAGCTATTTCCTTATGTACTATAATAGTTCCTTTGTCTTCAATACGACTTAGTTGGGAA
CAAATAGTCTGAAGAGTTAAATTAGTAAAATTTAACTGTTTTTTATGCGAAAATGCCACAGATTCAAT
AATAGCATCACCAGCACGAATTTTTAAAAGTTCTGAAGTATAGCAGAAATCGTGTCCCCTTTTGCCGT
TGTCCAATTTTTATGAAAAGTTTTGAGAACATTTAAAAAAGGACTGTTTTCTATGGTAAACCATATAG
GAAAAGAAATTACTTGTTGCATACAATCAATATGATTATAGTATAGGCGTTTATAATTTTGTTTTTCT
TTACTATTATAAGTAGCAAAAAACCATTTACGGAAAGAAGTATACTTCTTTTGATTAAGATCGTTTAC
ACAGTCTTGTCTATCATAAGTAAAAGGAATAGAAATAACATTGACAGCAGATATGTCATCAAACTCAG
ACAAAGTTTCTGGTTCTCTTTTTTCTTCGTGATAAATAGCACGAGGTATATTTTGTGACGAATTACAA
ACATCATAAAAAACTAAATTAGAATGTTTTGTTGATGTTATAGAAGGGTTTGCTAAAGAAGGGTTGGG
CGTATAGAATCTAGAGGATTGTCCTTCTGGCTTAAAAGAGCTTTCATAGTCAGAAAAAGAACTTCTCG
CAGATAAACGTTTTCCTTTATCAAATTTGATAAAGACATTTCCTTCTTTGGTCTGAATAATTTCCTCA
ATTTTTTTAGTGTCCATAGGTTCAGCTGGACTAACAGAATTTAAATTCCATTCGGATGGAGGTTCAAT
ATCCTCCCATTTAATAGTTTGTGGGGTGTGAACATCTGATTTTAAAAGGTTTGTTTCTATTAAAACAG
TTTTTCCTTTTGTGTCAAATATTTTCGCCCTTGGACTTAAAGTAGTCATAGCTTTATAAAAAACTCTA
TACGTTATGTTTAAAGGCTCAGTGCCTTCTTTGAGTTTATAACCATGAGTTTTGATATTTAAAGTTAA
413 
 
AACATTCAAAATATTTTTGTCTGTTAAAGAAACAGAATACTTAGACTTGGGTATTTTTTATCATGTGT
ATTTAAAGTTTAATACTTTTTTTTTTATCATGTGTATTTTTTGTGCAAAACTTAATACTTAGACTTGG
GTGCATTTATCTTTTAACAATCAACATATGCATGATTGGTTCTTATGTGCATCCATATGAACGGGTTG
ACATTTTGATTAATATTTTTTAGTCCATGCAAAAAACCTAAAACACAAATTAGATCAATAACATTTAT
GTATATATAGAAGATAAAGCCAAAACATCCCATTTTACTTCCTTAATGGCTTTGGTAAACCTTATGCT
TTTGAAAATGAATTGTTTTATTTTAAAAAAGAGAAGAAATGAATGATTTTGCAAACGCAAAAATGTAA
AATACTAGATGTGATGTTTTTCTTTATGGAAGGATTGACAAACCGCAAATATTACCAAGATATTATGA
TCTAGCCGTCTAGGTCTAGCCAAACTTAATTAAGAGCATCTTTAGCGGGGCTGGGTTAGGATGGACGG
AGCAAAAAATCCACATGTGTTACGTTTATCGGAGTGTTGGCAGCGATCTCCTATC 
 
PvG32 (+/+) 
TCTGAATTTGGAGTTCGCTTCTCCATTTGGTCTGCGTTGGCTCCGTGTGTTTAATTACAGGACTGATC
TCTGTATTATTTACAAACCAGTCATTTAGTTTTAAATGTATTAAAAAAATATGACCGTTAATAATTAC
AAAATGGTCGATGTAGTTTCGAAATAATTATAAAACATTCCCTATAATGGTAATAAACGACTAGTTTG
ACTTTTTTTTGGTTCCCGAATTTTTTTAACTTATAAAATAGTCCTTATAACGGCTAGTTTTTGGTCCT
TAAATATTTTTAAATTACAAAAGAGTGTAATTTAATTCTTATATAAAACCGCACTCTACTATCATTCA
AAACACATCATTTCAAAAACACTCTTACTATCTTAAATATATTATTCTATATATCATATAATTCAAAC
ATTTTCTATCCGAAATACAAATGGATCCAATCCGATTCTCCTCCTCTTCATCTGATTACTCGTCCGAT
TCCGATGATGCCAATTTCGCAACGATGAATGAAAATTTTCTCGCCGACGACCCTATGTTTTTACCGAT
TCTTGTTTCTTTCGAACATGAAGGAACTTCACAACAACGTCCGTGAAAACAACGAGTTGAGAGGCCTC
GATTAATTTATGAATGGGACGCTAAACTACGGAGGCACTATTTTTTTGGAGAACACATGTATCCGGAC
GAAGTATTTCGACGGAGGTTTCGTACGGACAAGGAATTATTCGTCAGAATGTCCGATGAGATTATTGA
GAAAAATCATTATTTCCAACAAAAATATGATTTTGCGGGCCGTATGGGTGCCATCCCTTATCAAAAAA
TTATTGTTGCTCTTCGCATGTTAGTCTATGATCTCTCTACGGATTTAGTCAATGAGAATATTCGTATA
TCCGCAAATTCTATCCTTAATTGTATGAAAGAGTTTTCTCGTGCTATCGTGAGAACATTTGACGAGCA
TTATTTTAGAGAGCCAAATGAAGACGATATTCGTCGATTGAACATTATCAACACTCGTACGGGTTTTT
CCGGTATGCTCGGAAGCATTGACTGCATGCATTAGAGGTGAAAAAATTATCTCACCGCTTGGGCTGAC
CAATATCAAAGTGGTCACAAAAACGAGCCATTAATAGTCGTTCAAGCGGTTGCTTCTAAGGATTTATG
GATATGGCATGCTTATTTCGGGGCATCCAGTTGTAATAACGATATCAATGTATTAGAGGAGTCTAATT
TATTTGATAGACTTATGGAAGGCGATGCCCCACCTTATATCTATAAAATAAATGGAACCGAACACAAT
ATGTGGTACTACCTTACTGATGGTATTTATCCTCCATGGGCTTGTTTCGTGAAAAGCGTTCCGTCTTC
TATGTCACACAAAAAATTGTACTTTTTCTCAATACCAAGAAGGAGTTTGAAAGGACGTCGAGCATGCA
TTTGTTGTGTTGCAATCTCGTTGGCAAATTTTAAGAGATTCGGCACGCTTATGGGATCAAGAAGATTT
AAAGTACATCATGTTAGCATGCATAATATGATTCTTGAAAACGAGCCTCCGGAACAATTATAGTCAAG
AGATTTTCCAATGGTGGGTTCTGACGATCCTTCTCCAACTCTTCCGGTCATTGAAAATGTTGTTCCAA
CAACATTTAGAGAAAGACGTTTATCGTTTAAGAAAAAAAAAACTTGAAAACCTTCAAAATGATCTAAT
CGAGCACATTTGGCAATTCTATGGTTTGAGAGTTTGAGGCCGACGATGTTCAAAGTCATGTTTTTTAA
TAAGTGACATTGATGTAATTCTTATTTTTATTTTGATTTAATTTTTATTTTCAATTGATTTAGTTTTT
ATTTTTACTTAATGTAATTTTTATTTTTACTTGATGTATTATTTTATTAATTAATGAAATGAATGTTT
AATTTTATTTATTTAAATTTATAGTTTTTAGTTGTTAATTATTTAGTTTTGATTACAATTATAACTGC
TAAGACCTATTAACAATTACATTCAAAACTGTTATGATCTGTTTAGTAATTTCAATAACATTCAAAAG
TTAAACCAACACACCA 
 
PvG33 (+/-) 
AGATTAGTCGGTGATTAGTCGGGTCTAACTTGAAAGCTCCTTAAATACTTTAAATATTTTTTAAAAAA
TCACCACCGATTAGTCGGCTAGTCGGTTCCTCGGAGGTAAAACACACAAGGAACGCCTAACGACTTCT
ATAACCTTGCTTACTGGTTGAGAAAAAAAAATACTAATACGATTAAATAGTTGAACGGAACAGGGGGT
ATATAATCTTACTGTGCAGTGTTGGAGAGTCCTCCAAGAGGACTCGATAATCTCACTTAAAACTTTGT
GTTGCTAGTTAGTAGGAAGTGCGACTGGATTGAGCTATTTTCATATGGGGTATAATAGATAACATACT
GAAAGTCCGCAAATAAATTTTGTTAACATCATTCAAGTTTCCGAGAGGCCTTGAAAAATTATCCTCAA
GCATATTTGAATGTAGCAGTGAAAACTGGGGAATTTTTTTTTTGAAAATAAAAGTGATACCATCATTA
AATTAAGTCCATCCGACCAAACACATTGTTTTTAAAAGATCCATCTGTATTACACTTTAATCTATCGT
TCACGGGTTTAGTCCATTTCGTTTGCACTTGGGTGTTTTCATTTGTATAGTCACTGCTATTGAGGTGC
TCTTTCAGGAAGTCTTTATGCAACTTTAAAGCTTGACGAATAACATGCTTCGGAGTTGGTTTTTTGTC
GTTAAAAACGAGCTCATTTCGAGCTTTTCAGATTTGGCAAGTAATATTCATGACCATCTCCACATAGT
ATTTGGGTAGCTTTTTGTCCAATAATTGCTCAAACCAAACTGCTAGTGAGGTAATACTGTGGGGATCA
ATGCGAATGTTTAACGGACAACCAAACCAAACTGTTCTAGTCCAAGCACATTGGAGAAAAATGTGTTC
AGATGTTTCTATTCTGACATTGCATAATGGGCATGTAGGAGTAGTTCCACACTTTCTTTTGAAAATGT
TTTCCTTTGTAGCAAGTGAATTCGACACGGTTTTCCAAAAAAAGTGTTGAACTCTCGGTGCCGTCTCT
GCCTTCCAAATACGTTTCCATGTGTGGCGGGACGGTTTATAAGATGAACTGGGTACTTCCATTATTTT
414 
 
GTTTCCAGAATACTCCAACCAATAACCAGATTTGACTAAATATATGCCCGTCGCAGTATGGTGCCAAA
TTTGTTTATCATTCCCCCTTCTTGGCTTATCGGAATAGCACTGATCCTTAGTGTCGTTTGTTTTTGGA
CCACTGACAAAAGTTTGCCCATATCACATGTCCTTGAATTTTGATCAATGAAGTCGCTAACTAGATTT
AGTACACAATCGATCGGTTTTTGTTCCTGGACAGAGAAGGATGGTTCAGTCGGAATCCATTTATCGCT
CCAAAAATCTATTTTATCTCCTTTGCCCACATTCCACCTTAGCCCTTTTAATAACAATTCTTTTCCTT
TGATTAACCTAGACCACGCCCACGATGCACGTCTTCTTTTACATGCTCTTAGACACCCATCGTTAGGA
AAATATAACACTTTTAAAACTCTCGCCCATAATTGATCATGATTATGCAGTAACCTCCAATATTGTTT
TGCTAACAAGGCACAATTGAAGGTATGCATGTTTCGAAATCCAAGACCACCTTCATCTTTCGGCCTCG
ACAAATATTCCCAACTTTTCCAATGGATTTTCCTTTCTTCTCCATTTCCACCCCACCAAAAATTTCCT
ATCAATCCATCTATTCGGTTGCAAAGATCTTTCAGGATTAGAAAGCAGTTCATAGGGTAAGCAGGAAT
CGCTTGCGCTACACCTTTAATTAGGACCTCTCTCGCCGCTAAGGACATCAGGGTTTTTTTCCATCCCT
GGATTTTATTCAAGATTCTTTCACGTAAGTAAGCCATGACACTTGATTTAGAACCTCCCCAGCTAGAC
GGTAGTCCCAGATACTTAGACTGAGGCTTGAACCTCGACATTCCTAGTTGTTGTAACAAATCTTGTTG
CTTATTCGGAGGACAGTTTGTAGAGAAAAAACCCTCAGACTTAGCTAAGTTGACAGCTTGTCCTGAGA
CATTGCAGAAATCTTGTAAGATACCCTTGAAGGTACCAACATCCTCATTATTTGCTCTTATGAGGATA
ATCATCAGCAAAAAACAGATGCGAAACAATAGGGCAGCCACGAATGAGAGTGAAGCTTTTGAGGTTGC
CATATTGTTAATAGCAACATTGAGTTTTTTCGATAACACATATGCGACTAGTAAGAAGAGGTACGGGG
ATAGCGGGTCCCCTTGTCGAATCCCCCTTCTAGGCTTTAGGTCTCCAATGTTTGTGCCATTCACTCAG
ACCGAAAACTGAACAGACCTAACACATTCCATCACCCATCGAATCCAAGGGTCATCAAAACCCATACG
TTTCATTACCGCTTCTAAAAAATCCCAGTTTACTCTATCATATGCTTTATTTAAATCAATTTGTGTCA
CACAATTGGTGATTTCTTGTAGCTACCAATTTTCGTGTTTTTATCTTTATCCTAATCTATGTGAGACT
TGGTATTACGTACATTTGTATTGCTGTGGTGTGTTTCGGTAAATAAAAAACTCAATGCTGACGAAGTA
TGCATAGCATAAGAATGAATATCTTAACAAAATACTCTTAACAAAAATCGTTATCCAAATGACATGAT
TTCAAACGTAATTGATAAGATGCTCTTCAGCAAGGCCTGTCATTCAAAGAAAAAAAAAGTTTTGCCTG
GATAGATCATAGAATGTAAATGCCTTTACACAATTTCGTTCACATAACCGATTTAGTTCCTAATTTCA
TATGGAGCGAGAGTGGGTGATATTAATTTATAGGAGAGTAAAAAGTTTAATATCAAATCAAACATCTT
TGCATATCTTCATTTTCAGCAACTACTCTG 
 
PvG34 (+/+) 
CTCTCTCTAACATACACAGATACATTGTATAAAACATATGTGCCTAGTGATGAAAAGATGAGAGGAAG
CTAATTATCAACGATAAAATATTCAAAAAGGACTCCTTCACCAAATTAATTAGCCATCCCTACTCTTG
TGTACTAGCTTTCTCTCTCTATATATATATATATATTTTATTTTTTTTAGCTTGTTATTTTCCTTTTT
TTGTCAGTTTTTTTCCTTTTATTTTTTTGGGTATTGTTGTAAAGAATAATTTAGATTATTATAAATTT
TTACCGGGTAAATATGAAAAATTTGGAAAAATAAGATTTTTAGGCTTTTCTAATCTACTTAAGTGGTT
GTTGTTAGATGCTTAATAATGGGTTGCGCTTATTTGGCTTATCAAAAAAATAAAAATGGGTTGTGTTT
ATTTTTAGCTTTTTTGTCACCTGTACTTTTTTGTATAATATTTGTTTATTGGGTTATTACTAGGTGAA
CAATGTCACGGTTTGAACAAATTGATGATAACAGTTTCTCGAGTCCCGCTCTTACTATTAATTCACCT
CGTATAAATAAAAAGAAAAATTCAAGATTGTGGTCCAAAGTCCGGTTAGATTTCAAAAGAGAAGAAGT
AAGGACATTTGTTGGGCACATTGTAATATTTGTAAGAAGAAATTAACCGCGAAGCACACGGGAGGGAC
GAGTCATTTGAAAAGTCATGCTAATAGGTGTAAGAAATAAACAATGAAAAGGAAACAGAATTTGAAGA
AGTACCGAAATACGAATTTAGCTAGGTTAAATCGCGAAAAGATTTAGCTTCTATGATCATTTTACACG
AGTATCCCCTTTCGATAGTCGATCATGTAGGTTTCAGAATGTTTGTTGGAGGGCTTCAACCAGATTTT
AATATTGTGTCTAGGAACACGATAAAAAAAGATATTATAAAGGTTTATGATGTGGAAAGGGAGAAAAC
GTATAAATTGTTAGAGAGTGTTCGTAGACTATCAATTACCTTTGACATGTGGTCCGCCAAGCCAACAA
AGAAAGGTTTTATGGCAATTACGGCCCATTTCATTGACGATAAATGGCGTTTGCAAAATCGACTTCTT
ACATTTGTCTATGTGGCAATTCCACATAACAAACAAGTGTTATCGAATGTTNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNGATCGTAAGATCTCAGCAATTACAGTTGATAATGCTACAACAAATGATGCTATGA
TACCGTTGATTTCGACTGAGCTATCAGGGATTCGTTTTTAATGGACGGGAAATTATTGCACGTTCGTT
GTTGTGCACATGTACTAAATCTTATTGTTAAGGAAGGTTTAGCAGCTGTTGGGAATAAAGTTGAAAAA
ATTAGAGTTAGTTGTGTTTTCTGRAYCGCGACASAATCTAGAAGAGAGAAATTTGAGGYCGCCRCGGC
WSAGCTGCATATTYCTTATAYRAAGGGGCTCGAACTTGATGTTAAAACGCGGTGGAATTCGACCTATT
ATATGCTTTCTAGGGCTTTGCTCTACAAAGATGTATTCAGGAAAGCTAAGAAAAAAGATAAAAGTTAT
GATAGTTTGCCATCTAGTGATGATTGGANNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNATAAAAGTTATGATAGTTTGCCATCTAGTGATGATTGGATTTTTGCTGAGGAGATATG
TGCGAGACTTAATTTTTTTGCGGATGCGACTGTAATCTTCTCTGGTACTAGTTACCCCACTGCTAATT
TATTTTTTAAAAAAATGTGAGATAAAATTAGAATTCGATAAATGGCTTTTTAGTTCAAATGAAAAAGT
TGTAGCAATGACTTTTAAAATGATAGAGAAATATAACAAGTATTGGTCTGATTGCCACTTGATAATGA
GTATGGCTTCTATTTTAGATCCAAGGTTTAAATTAAAACTTGTTGAGTTTTATTTCAATAAGTTGTAT
GGAGTTGGAGTGACAAGTAAACATGAAGTCGAGAGGATTCAAGAATCCGTTTATGCATTGTTTAATGA
TTACAAATCGAAATTTGATGCTGTTAATAATGATGTTACATCGTCTTCGGGAAACTATAACATGGATG
TGGATGAGGAAGATAATTTGAGTGGTTTTGATGTGTTTGTAAATGAGACTACTAGAAGCTCGGAATCC
415 
 
GAATTAGATGTGTATTTGAGAGAGAAATTAGTTTCTAGAAAAGGAAAATTCGATATTCTTAATTGGTG
GCAATCGCAAAAAGGTTTTCCTATTTTGCAGATGATCGCAAAAGATATTCTCGCTGTACAAGTATCTA
CCGTTGCTTCCGAATCTACTTTTAGTACGAGTGRTAGATTGATTTCWCCTCATCGGAGTAGACTACAT
CCGACTACATTGAAAGCTTTGATGTGTGCCCAAAATTGGCTATGGGGAGAGTTAAAAGGTAAAAGAAA
TCATTTTCGTTTCGAACAATTAATTATCTACTGTAGTTATATTTTTGTCTAAAAGTTTGTAGTTGTGA
TTTCCATTTTATTGGACCTACTTAAGTTACTTAACCTAGTAGATACATTTACATTTTACTGAACCTAC
TTAAGTTTGTAGTTGGGATTTCCATTTTATTGTTAGTTATATTTTTGTATAAAAGTTTGGAGTTGATT
TTCTTATAAAGTTGTCTACATTTCGTATCGAATGTTGGTTTACATTAGTTACTTTTCTTTTTTCAAAT
TCCGATTCCAGCCTAGATGCGAGTTGTCTCCCGAAAGTTAACGATGAAGAAGAGGAGCCTATTGACGA
AATGGAAGCGGGAAGTAGTGGAACAAATGATCATGTGATGATTTAGTCTTTCACAATGAATTTCAGGA
TTTGAAGATGCTTAATGTAGTTGATGAGCTTTCAGTTAAAGGTTATTTTTACGACTTTAATATTTGCA
TGTATGATGTATGTTAGTGAAGAACGGTGATGAACTTTGTTTTGGAATTGGGATTTAC 
 
 
PvG35 (+/+) 
TCTCAATCCGGTCACCGACCCACTAGGGGCACTACTAACGAGGAAAATATGTTTTAAGTATTTTTGGG
CCGTAGCGCCCCCAGTTTTATGCCCCAGTCCGGTCACCGACCCACTAGGGGCATCGCTAACAAGAAAA
ATATGTTTTAAGTATTTTTGGGCCGTAGCGCCCCCAGTTTTATGCCCCCGTCCGGTCACCGACCCACT
AGGGGCATCGCTAATAAGAAAAATCTTTTTAAAGTATTTTTGGGCCGTAGCGCCTCCTGTTTTATGCT
ACAATCCGGTCACCGACCAACTGGGAGCACATGCTCCAACAGTGATAAGTAAAGTCTTATCACACCGG
TACAGTCTTACAGTTTTATGCCCCATACGGGAACACCGGTACAGTCTTACAGTTTTATGCCCCATACG
GGAACAGCCCAGTGGCAACACCTGCTCCAACAGTGGTAAGTAAAGTCTTATCATCCCGGTACAGTCTT
ACAGTTTTACGCCCCAGACGGGTTATGACCCTATGAGAGCACCAGTTCAGTATCAAACCGGCATAAGC
CTATGTGGCCACCGTGCGCCCCAGACGGGTTATGACTCTATGGGAGCACCAGTTCAGTTTCAAACCGG
CATAAGCCTATGTGGCCACCGTGCTCCCCAGACGGGTTATGACCCTATGGGAGCCCCAGTTCAGTTTC
GAACCGGTATAAGCCTATGTGGCCACCGTACGCCCCAGACGGGTTATGACCCTATGGGAGCACCAGTT
CAGTTTTAAACCTCCATAAGCCTATGTGGCCACCGTACGCCCCAAACGGGTTATRACCCTATGGGAGC
ACCAGTTCAGTTTTAAACCTGCATAAATCTATGTGGCCACCGTACGCCACAGGCGAGTGATGACCCAC
TGGGAGCACCTGCTCCAATAATGATAAGTAAAGTCTTATCACTCCGGTAGAGTCTTTCAATNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNCCGCGACTATTCCAACATAGTCCATCTTCGATAGTATTCGAGCTCAGCCGATCACGGGC
TTCTCCGACATTGTCCATCACCGACAGTCTCTGAGTCTAGCCCACCACGGCTTTCCTGGCATAGTCCA
TTATCGACAGCCTTCGAGCCTAGGCCACCATGGCTTTCCTAGCACTNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNGACATTCCCCGACCTTTGTCCGTCCTGGACATCTCTGACCTAGTATAAAGT
TACTATTTAAACCCCTCAAATCCCAAGGAAGACCATA 
 
PvG36 (+/+) 
AAAAAACTTTCAAATTTCCAATTTAGCTACCAATTAATCACGAAATCATGTCACGTGGCAGCACATGC
TTGACAAACGTTAACGTGAGAGCATAATTTTGTCATTCTTCACCATAATATATAATTATAGAAAAACG
ATTTCCCAAATTCCACACATAACAAAAATCAGCACATAGTCCAAATTTGGAAGGAAATGTTGTTCTGT
AATGATATATTTTGATGCAGAATGATTAAATTATCCTCTCACGTTCAAGTTTATCGAACACGTGCTGT
CATGTGACATGATTCCGTAACTAATTTAGATAGTGATATCTAAATTGAACAGTTTATTATAATATATA
TCTAAATTGAGAAAGTTAATAATTAACGTATATTTTCCAAATAAACAAGTATCCTTTCAAAAAAATAA
CTTAATAAACAAGTAAACTCTCCAAGAGTCCCTCCCTCAAAACCATTTTTACTTCACCCCTCTACCTC
TCTATACCTCTCTCTAAGTCGAAAATGTCGACCGACCTGTTCGGGTTGAAAGCAGTGAAAAACGTGGT
GAATGATCTGAGCGAAACGTACGCGACAGGTGGAACGAGAGCATACGAATGGAGAGTATCTCAGCTCA
AGGCTCTCTTGAAACTAACTTTTGATCATGAAGATGATATTAACCAAGCTCTTTATCAAGACCTCTCC
AGACCACGTATTGAATCCTTCATGGAGGTTCTCTTTATTTCTCTCATGTGCATATCTATCTATATTAC
TATATCATGATTCATGAAGTTACTGATATTGTCATTTAATTATAACAAAACTTTTGCTTCAGGATTCA
GTTAGTTTTTGAAGCTATGTTTTCAACTTGGAATTTTTTTCAGACTAATTGTCAAAAACTATATATTT
TCCCTTGGAAAATTAAGAATACTATCTTCTTTAAGACGGTCAAAATTCAAATACAAGCTACATAAGCC
GGTGAACTTCCATGGTAGTTTATTACTCGTTATTATAGATTATCTTTATATTTATAGTAGAGGTAAGT
GGTAAAATAGACTTTTTGTTAAACTAGTTCCAAGTGTGAGACTATTATTGTTCAGCCCAAAATTTTAG
TTTGTTTAGTCCAGATATGTGAATCAAGGTGGATCTTGAGTTGTCCAATCAAATGAATAGTACAACTT
ATATTATTTTTTTTTGAAAAAGATAACAGAAATTTGACATAAAAATCTGCAAGCAAAAAAACATGTAT
TGAACTTTTTTTCTTTACTCTCGTAATTAGTTGAAGGCCAAAAAAAAAAACATGTATTGGATATTTCT
GCAATTTTCAATATATCTAGCTCAAATTTGGAGTATTCTTGTACGTTAGGACTTAGAAAAATATGATT
ATTATGTTGTCACCTTATTATAATTGGTTGTTCTGAAAGATCAAAAGTGGCTGTTGAAGTTCTAATAA
ATTTTTGATTCTCTCTATAAATTGGTGGACAAACATTTGCCTGTTTACCCGTAGAAAAGTCCTTGCAT
ATTAATCATCTTTAAGGATGTAATTAAAATATTAAAATGGATTCCTTGACCATTTATTCTAATTATTT
416 
 
GGTGAAGTTGGTTGAGACGGTTGACTTTTAGATTATTCAAGATATTGGCTCAAGTAATGTTGAATTGG
TTGTTGATGAGTAACTCTTGGGATTTTCCATGTACTTGGATGAACAACTATTGAATTACTGGATGTTT
TAATAGATCTAGAATAGTCTATTAAACAACCCTTCTAAATTTGTATTTTTTCCTTTTGTTTTATGTAA
CACCGAGTATTAGTTCCATCATGTACCCACAGATAGGTATATGTTCAAACGTAGTTTTTCTTCTAGTT
TTAGTTTTTTTGCTTGGCTTTAGAAAACTTCAACTACTTGTGGATAAATGTTGATAATGAAATAACTA
CAAGAGCTACCCTCTTTTTCCTTTCTTTGCAAATTTCTACTTCTAGCTTAAGACATACCTGGAAAAAT
AGCTAAAGGCAATATTAAAAATAGTATAACATTTAAGAAATTCGTTTTTTTCTAGACTATTATAGAAG
GCATCTATTAGAAGTAGATGACAGGTTGTTCTAGCGAGTAACAATGGACAAAGAGTTGCTGCAATCCA
AAATGAATTCCAGATGCGAAATTGTGGTACAGTTGCCGGACTAAAATTGAACGGCTGAGATTTATTGA
ATTTTAAAAAGATGAATTAAAATAACATAGAATAACAAAACAATTCTTTAATTGCATTTTATCCCAGA
CGTTGGATCTTAATTCGCGACTGGGATAAGCAATTGGATTCGCCTGCAGCAATTTGCTATCCAGTAAC
ACTAGCATTGCTTCTAAGAGGATCTTTAATCGGGAGGTTGTTACAAGTTTCTGAAATCACATATGTCA
TAATAGCGTTTACCTTGCTAGCTGATTCTGAGAACAGCCATCGAATTGATCGGTAAAATTGGTGAATC
TTTTCCTGAACAATAGGAAACCAACTTGCCTTTAAATATCTTCTTTGCTCCATCTGCTTTGTGCGTGG
AAGTATTAACACATAATTGACAGTTAAATGAATACTTATAAATTTTTGGCAATTGAATTTTAATATTT
GTGAAAAAGGCGTGTACTAATTAGGAGTAAATATGCACTTGTCCATAATTTTGACTCTTCCAAATAAT
GATTCGTCTACTACTTCACTCATTCTGCACAAGATTAAAGTTTTGGCTGATTAATCTGCTAGAGTTTG
AGATGTAATAGCATTTTAATAACTTCAGCAATTTAAAATTTGTGTTTCATTTAGGCCTTTTCCTTTTT
CTATAAGGAACATCCAGTTAGGCTCCTAAAGGCTATGTGTGCCTTGTTAACTTCAAAATCTAGCTTAT
GCAGCTTTCATGAATGGTTAAACTTAATGCTTTTGGATGACTTTTCAATGGGATCTGTCTATCTATTA
CAGTTGATAAATCTGCAGTTATTTTCGCATTGATGTCCTTGCTTGAATATATTTTCGCTATTTCTTTT
GCAGATTCAATTGATCAGGGGTTCGTGTGAATTTGCACTTAAAAATTTAAAACATTGGATGCAACCGG
AAAAGGTTCTTCATGATTTCTCTGATCTCTTTTAACTTTTTCTGTCTATCTTTTTTTATCACTGATCA
GTATTGTCTTAGTCTTGGCAACGTCTATGTAGGGACCTAATTACCAGAATTGTTATTTTACACTGCAG
GCTAAAACTTCTATGACCACTTTCCCGTCATCAGCAGAAATTGTGCCTGAACCATTAGGAGTGGTGTT
GGTTATATCAGCTTGGAATTATCCTATCAGTATGTGAGATAGACCTTAATGCTGGCATAATTGTTATC
TTCAATTAGCGTTTGTTTGCTTGTTTGCTTGTTTCATGAGTTGCTTAGAGTTAATTGGGATATGGAAC
TTTATAATTAGTTTCTTTAGTTCTTCTGGTAGAATTTATAGATTCTTACTCCTCAGTTTTAGTGATAT
TTCTTACATTAACATATGGTTACCTTTTAACTTTTTATTATATTTGCCAAAAAGAGAACCAGATTTCA
GAAGTATATCCATAAGAAGGAAACCAAACCAAATGTTTCTAGTTTATATAGTCCTACACCGAAATCAT
AACATAAAGTCATAAACTAATAATGTCATATTGAACTGGTCTTTGTTCGGTTGTTCCAACTCGTCTAA
GAAATTAATACGTGATCGAAGTCGGAGTACTATACTGCAGTATCTAAGGAGTTGAGACTTAAGAGCTG
GTTCTCATGGTTATCATTATATTACAAAAGTTTCTCCTTTCTTTAACGAATGCAATAATTGAACTCCT
TCAAGTCTTGACTTTTTCTCTGTTTGCATCAACTCACCTTTTTTGCCGGTACAAGCTCATCTTTCGTA
TCAACTTAGCCTAGATTACTGTATGAATTTTTGACTGGCTAGTTTTGTGATACTTCTTTTTCAGTGTT
ATCTCTTGACCCAGTCGTTGGAGCTATTGCTGCTGGGAATGCCATAGTCTTAAAACCTTCGGAAATAT
CTCCTGCCACATCATCACTTTTATCAAAATTATTAGAAAAATATATGGATAACTCTGCGATAAAAGTT
GTTGAGGGTGGTATTACTGAAACAACAGCGTTGCTTGAGCAAAAATGGGATAAGATATTTTATACAGG
TTTAAGGCGTCTAACAACTTCTTCTTTTGGTACCTCATGTTTTATGCCTTGCAGCCTAATTTACATAA
TTTTTTCACTTTTTTAATAGGCAACGGAAAAGTGGGACGCATAGTAGCGGCTGCAGCGGCGAAGCACC
TTACACCTGTTTCCTTAGAGCTGGGAGGAAAGTGTCCTGTTATTGTTGACCCCAACAACATCGATATA
AAAGTATAAGAGCTAAACACAATATGTCCATTTTGCTGTAAATATGAAATGTTATTTTCCAATTTAAC
ATAATAGCGTCATTTTTCTGTCCCTGAAGGTCGCAGCAAGGCGGATTATTATGGGAAAATGGGGACTA
AATTGTGGACAAGCGTGTATTTCTGCTGATTATGTTATAACAACAAAAGAGTTTGCCCCACAATTGGT
AAGCTTATATTAAGAGGGATTTAAACACTGTTATCTTTTTCTTTTTCATTGGCTTATTTGTGTGACTC
GTTCTACAGATAGACTCATTCAAGACTGAGTTAACCAGTTTCTTCGGTGACGATCCGTTAGAGTCAAA
AGACATGGCTCGCATTGTAAATTTCAACCATTTTAATCGTTTATCAAAGTTCTTAGATGATGACAAGG
TCGCTGGCAAGATAGTTCATGGGGGTCGAAGAAATGAAAAAACACTGTGAGTTCTTTACTTGATGCAA
TTTAACATCCGCCAATTATCAAAGATTCAATTATATAAACAAAAAACTATCTGTATCTAACTATCTAT
TGGACGACTAATCTTTTGCAGAAGAATTGCACCCACGATTTTGCTCGATGTCCCAGAAGACTCTCTTG
TTATGAGTGAAGAAATATTCGGCCCTTTGCTTCCGATTGTAACGGTAAATTTACTGGAATGACCATGA
AGATTGAATTAGGAATCCTGTTTTCCATTTCTTTTTATCATCGGTAACTGTAACATATACCATTTTTT
AAGATGCTTCCCGGTTCTTTCTTGGTTATATAAAGGTTGATAATCTGGAAGAAAGCTTTGATTTTATC
AACTCAAGAGACAACCCACTTGCTGCATATATATTTACCAACAATAAGCAGCTGAAAGAGAAATTTGT
TAGAAGAATCTCAGCAGGGGGTATGCTCGTCAATGACGTTGCTTTACACGTAATTATTCTTTCTCTAA
CTATACATTAACACGGCTCGCATATCTCAATGCATATGATCAATTTCGACAAATATGAAGTCCGGAAT
TACGATATCCACAGTCATGATTTACTTTTTTCTCCAACATTGTCTTATATTCTTCTAGACTAAGATTA
TATTTTTCTTGCTGAGTATCTGCTATGATTTCTATCCTCATTTACCTGTTTTCTTAAATCTATATGCA
TAGGTTTTCACAAAATAATACCAATAGTGCAGTTTCATAAATTGCATCAGTGTTTCCTTGGCTACCAT
AGTCTCTAACATAAGCTTTTGTTATGAAAATATTATAATTTACATTGAACCTTCTCCTTTTCAATAAA
CAGCATATCATAAAATTAGTTATACATTTGGCAAGACTATACCGGGTTCTTGTCACTCACATTGTAAG
417 
 
CGCATATTTGCATCCACTCAATGAATGTTATTGGCATGAAGCCATGTATACTGAATTACTAATATACT
CAGTTCACCATATTGCACACTTTTAACGTTTTATGATGATCGAACTAATTTATTTTTTCATCTGTCGA
AAACAATGATACAGCTTGCCAACCCGAATCTACCTTTTGGAGGAGTTGGAGAAAGTGGAATAGGCGCG
TACCATGGGAAATTCTCTTTTGATGCTTTTAGCCATAAAAAAGCTGTTCTTTATCGAACTCTAGGCAA
GGACCCAGATATAAGGTACCCTCCCTACACACCCAAGAAGCTAAAATTAGTCCAAGCGCTTCTTAAGG
GTAACATTTTCGGCATTATCTGTGCTTTACTTGGTTGGTAAGCAGTTTTAACGCTAAAATTCCACATA
TTAGTGGAAAACTATTTCACTGTCTCTTCACCCTTGCTCAATTCGTCTCAAATTTCATTTCTTGTTTT
ATATGTCATATCAAATACCATGTTGATTGTATTTGTTGTTTGGGTAGATTAAACCGTTGTAATTAAAG
CTTTCTAAATATTTGAGTTGGTATATTGCATATGATATTAGGAATATCCGATCATATTTGCTGATATG
TATTCACATGCAGTATTTTCCACTGATTCTTTCAGTTGCGGGTAACAAACAAGCACGAACAAGCTAAA
CAAGAGGAGGAAAGGAACTTATTAATACCTCAAGCTATTATGCTTTTTCGATTTACTTCTCTAATCTT
GACCTTTTAAAAATAATATACATGAAATTTGCCGATTCATTAATATAGACCTGGGTACTGAATTGATA
AATATCCGTCACTCAAAATTGACAGAGATGTTTTTAGTGACAAATTTCATGTCAGCTGATGA 
 
PvG37 (+/+) 
TTAGGAATTAAAATCTGCCCATCCTAAACAAAATTATCATCAAACGGATTAATATTTATTAAATCTAG
AAAACAAGATAAACCATACTAGGCCTTTTCAAGGTGAAGAAATTAGACTTTTATGAGCTTGTATAACA
CAAGTTGTTCCATATAGTTAATGTTTTAGACACGAAAGCTTGTCTTGTTGCAGGCTTTTTTTTTGGTT
TATTATTTGCAGTGTATTTGGCTACAAGCTTTGTTTTTTTGCTAATCGTTTTGAATAAGTGAGAAGGG
AGAAGTTTTAACCTGGCTGAATGCGACCCTAATTTTTCTCTGTACTTATTAGCTAATTTGCCCTTTTA
CAACCATATCTTTTTGCGCTTGTGTTTTTGAGGATTTTCTACCGGTCCGTTTTCTGCTTGTTGATTGA
AAATACATGGCATCTTCTATAAAATTCCACTTCTACTCATAAACTAAAGTTTTACTAATAAAAAATAG
AACTTCTTGTACTCTATATGCAGGTACTATCATGTGACTCTGAACATAGGTAACCCCCCAAAACCTTT
CTTTCTAGATATAGACTCTGGGAGTGACCTCACTTGGCTCCAGTGTGATGCACCTTGCACTAAATGCA
TTCCGGTAATTCTCGTTCCTCCTCCGTAAATAAAAAATTTCTACTCTCAATTGCAGCTGTCTGATTTA
CATATGTAAAGTAAATAATCCAAAGACACTTCTTTTGTCCTGAGATTCTCTGAGAATAATAGAATTGA
AAAGATTTGACTAGGTGGTGGGTATTGCGTGGGTGATTAGTTTATGAATAATCTCCGATATTTTTATA
TGGTAATGAAGTTTCTACTCTTTGGTTTATTTAGGGGTTTGAAACTCATTAGTAAGGGCTTTGAGATT
GACACTATTGCATAATAAACAAACAAATATGTTTTGAAGTGTTAAATAACCTATGTTGTACAAAAATC
CGTAATCTCTTGCTATAAAATCCCCTTATTTTTAAAAGCAACCTAGAGCGTTATTAGCATTATGGTTT
TTCCTTTTAGCATATAACTAGATTATAAATTCTGATGTCGTGGACAGCCTTCTTTAGATTTATTCAAT
TGTAAGAGTTGGACTTCCAATGTAGATGCATAACAATTTTTGGTATAGCCATCTAATGTAGAGGCTTA
AGGTTTACTGAAGTCTTGTTTCATTCTCATCATTGTGAGTCATAGTTAAATATTTAATTGAAGAATAC
TGTTTATGCTAATTGTACTTAATCTGTGCTTGTGAATTGTGATGGCAGGCCCCTCATAACCCTTACAA
GCCAAACAAAGACATAGTTAGATGTGGGGATCCCCTTTGTTCTTCACTTGCCTGGCCTATAAACCAAT
GTGAGAGCCAAGAAGAGCAATGCGACTATGAGGTTGAGTATGCTGATCAATGCTCGTCTATGGGTGTT
CTAGTAAGAGACTCGTTCCCGTTTAAGTTGAACAACGGAGTATCAGTTGCTCCTCGTTTGACATTTGG
GTGAGTGTGTACATGTGTTTTTTAACCACCTCTTAACTTTAGCCGACCCTTATAATTTCCTGAGTATA
GTAGTCACTCTCAAATTTGTTCTGCCAATCACATTTTTATCGTCCTCTCTCATGTATAGCATAGAATT
AGTTTCCTTCGTTTTTATATCGTGGATATATGGATGATCCAAGTTGTGATTGATTCTAAATATATTCC
ATATATTTGACGGTCCTTGTTATATTCTTGTGTACAGATGCGGCTATGATCAAGTAGTCCCAAACTCC
ATTCACGCTCCTTACACAGATGGAGTATTAGGCCTTGCCAAAGGAAAATCAAGCATAGCCTCACAATT
ACATGACTTGGGACTAATTGACAATGTTTTAGGTCATTGTTTAAGCAGTAAAGGAGGTGGCTTCATTT
TCTTTGGAGATGATCTTGTTCCATCTTCAGGAGTTACGTGGACCGCAATGTCTAAGACTTCTTTCGAG
TATGTACACCAAATATAGAATGATATCTCATTGTGGAATACATAGGTTTCAGTTATAACTGTTTATTT
TCCTCATATTTTTCAGGAAACACTATGCGCTGGGACCCGCTGAACTACACTATGGAGGGAAAGGGATT
GGAATTAAGGAGCTCCCGGTGGTATTCGACAGTGGAAGTACATACAGCTACTTCAGTTCTGATGTTTA
TGGAGCAACAATTACTATGGTTAGTGTGAAATAAGGGAAACATCTTTATATGTAGTTTCAAAGGTTAA
TTCCACTTTTATACCATAATGTATAATCAGATATCAAGTGTGGACTAATTGGTGAATAGTACACTATT
AGGCATTTCTGCACGACTTATTACACTTTTAAGTACCCGATTGAAACAAAAGTATATGCTGACTTGTT
AATTAGTTATGAATGCCAAGTACTGTATCACCTTTTCTTTTTCTTTTTCTAATTTTGTACACTATACT
GCTATGTATTTTTCATTTGATTCTCAATCTATGAAATCTTTCTGCTTAGTGTTGTTGTACAGATGCCT
AAGGGCATGTTAAGTTTGTGTAATACTTAGAATTTCTGTTAGGTTAGGTCACATAAGCGAGAAATCGT
GGTAAGTTTGTTTACGAAACTATAATTATCCCGTAATTCAGAGGTGACCTGGGATATTGTAACAACCC
CATAGGTAGAACTCACCCTATAAAACCAGTTATATAAGGGAGGGTGCCTATGAAGTTATATACAACAC
GAAGGTAGCTTACACTACCGATGTGGGATAATGTAGTTTACACTACATCACCCTAGGATCGTTACAGA
TATAACCCAATGAAAACTTTTATTTTGTATTGAACATGATTCACACCATTAGAAAGTGACTAATTTCG
AAACATAATGATTGACGTGAGAAAGTACGTACTGTTTGTTATCCCATTGGTTGTGAATTATTTCACTT
ATTTGGTGTTCAAATGCTTTTCTTTGACACTCAATAAGTATAGTACTTAAGGATGGACTATACTTTAA
TTAGACATGGACGAGTGACAACTTGGACCGTCGAACAAGCATAGGAAAGGATTTTTTTATCATTGGTA
ATGGTATTACCGTAGAATAAATGAGTATGCAAATAGTGGGAAGACTCATCCTTTATTCTGTAACTGCA
418 
 
GATGAAGAAGAATTTGGATGGCAAGAAATTAAAAGATGCAGTTGAGGATCAAAGTCTTCCAATATGCT
GGAAAGGTGCAAAACCTTTTAAAAACATTAATGAAGTGAAGAATGACTTCAAACCCTTAGTTTTAAGC
TTTAAAAAGGGGAAAAATGCTCAGCTACAATTGCCACCTGAATCCTATCTCATCATCACAGTAAGCAC
ATTTCATATGTACTGTCCTTCCATGAACTTATATGAACATGCATGTAGCAAATCGTGCACTTTAAGTT
TTATTGCATTATCATCAAAGATAAGTTAGGAAAGAGAATAGCAGTCAAGGTCTGGAGTATAAGTATAT
GTTTCTTAACTGAGGACTCGGTTAATATACATACAGAAGTGGAATTTTTTGTCAATATTTCTTCCTCG
AGTCTATTACTAAGATGCCTCATGACTTTGTTTGTGCCCTCTGATCATTTGGAGTCCTATTTATTCAT
TCAATAATATTTTCTTGTGCATTTTAGTTATTAAAACTTTATAGAATGATATGTAAACAGTGAACTCC
CTTGGTAGAGATATTCAAGGGAGTGTGCTACTGTTAGTTGACCCAGATAGAGTCATACAGATAACTGG
TTAGGGACTTTTCATGCTTAAATAGTTTCCTCCCCTCTGTCAGGAACATGGAAACGCCTGTCTTGGCA
TATTGAACGGCACGGAAGCAGGGCTCGATAAATTCAATATAGTTGGTGGTAAGAATCACGGAACAATC
TATTATGCATATTTATCTGAGATTTTTATATCTTCTAATATACCTTTATTGTGCCTGTGCAGACATTT
CTTTGCAAGGTAAAATGGTGATCTATGACAATGAGAATCAACAAATTGGTTGGGTTACTCAAGATTGC
GGCAGGCTTTGTAGGTACTAAATTATTACTTGCTTTTTTCCCCTTTGTTACTGAAGTGAGGAAAGCGT
GGTTAATGATTTAAACTGTCACGGTCTCGAGCATACTTTAATATAGGATGTGTTTCCCATATCGATAG
TGTGACACTTTCTACTTGCAAGCTGTTCGTCATTTGTTACACATGTTTTGAAACTTCCGACCTTTATA
TGGGATTTTTGACCACTTCTCTTACATTTCTGTTTGTCATTTTTTACAGCGTGGGTCGTGATTTTATC
GGAGACATTTCTCACCCATAATATTTTATAAATTTCCTTCACAGTTCCGTGAACTAGGTTTTGAACAA
GTCGAGCATAAAATCTCAACAAATGAATGCTGATCTAAATATAGTAATTAAGAATTAAGATCAATCTG
GACTTTCAAAACAGGAACACTTGGATAACATTTCTTTTTTGCTTCAAACTTGTGCATTCAAGAAGAGG
GTTCTATTGAAACTAATGCTTTCATAGGCTTCCTAAACTGAG 
 
PvG38 (+/-) 
GAAAAAGAGAAAAAGAGAAAAAGAAAGATTATAATATCATCTTTCTCTTTCTGATGCACTCTCTAAAA
AAATCTTCATATAATCACACCCTTACAAACTTGGTTGGGCAAATATCTACCAGACAACAATCATACAG
ATTGAGAGCTCTATGCTTTTTACCCTCATCTCTATAGCAACTCTTGTTTATAAATAATTGAGAAGCAT
ACTCTGTAACTGATTAGAGGTTAAAAACGATATTTACGAGCCTAGTATAACTCACTCACATTCAAGGG
ATAAGCCATTCGACCATGTTATCTCAATTTCAAGCGTTCGAGAAGAGCTATCTTTGTTTCTGTCATGG
CTGAGGCTGAAAAGTCCACTGTATACTCCTTCACTTACAACTTTGTCGATTTGAATGGTGACTGTACC
GAGATTACTCTGGAAAAAAACAAACATAATTGTGATAATGAAAGTTCCACTACATACATGAGAATCGA
GGAAGGAAAACTTCGGAGATATCAATTTGACACATATCTGAGCTTATTGTGTTTAAGAAAACAATTTT
GATACTTTGTTTTTCCTGAATTGAACAGAGGAAGAGACATCAGAATTAGCTTATCTCCTTTTTGCTTT
TGAGAAAGAGTTGCAAGATAAATACCATAAACAACTTGTTCAAGACCAGTTACGAAGATCAATGTAAC
TAATGCTAAAATTTCATTTACCTTTCCAAAAGTGCTTTTGCTTTTGCACAGGATGTGGAGTTTTTGCC
CCTTTGGAGGTACATCAAATGCCCATGTAAACCCTTCTTTCCACTCTGGGGAGGTACTGTTGCTCACT
ACCTATACAATCCAGAGAGTTTTTAGTTCGTAGGGTTAATGTCTTGATGATAATTCTACTTATACACC
TTTGTTAAGATTACCAAACACTTTTCAAGCAACTTTTAGAGAATATCATGATTGTCATCCACTGTTTT
GGCATAGTTTTTAACAAGTACAAGAATAAAGACATCCATTGAATTAATTTACTAATAAAAAGATCCTT
CTGAGATGTTAGGAAAGGTCTAGTAGGCAAGTGTTCAAGAAAAATAGCATCTTGGAAATTAGAAAAAA
TTAAATAGGGTTAATTATGGCTTGTTGACCTGTGTTTTGGCCACTTTTAGGATTGGTGACCCAACTTT
TAACAATTCCGTTTTAATGACCTAAATTGCCGTTACATTTCTTGGATGAAAACCGTTTTGAAGTTTCA
ATTTAATCCGTATAGTTTAAAACGTAACGATAAATACTTAAAAATTGTAAAAATTACACACTCATATA
AGCCCACTTAAATTACACACTTATATAAAACATGTGTTTAAGTGAGTTGCACAATTAGCAAATAAAAT
GAATACAAGTATCAAACACCATATGAACTCTATTAGTTGGGATGATATAAATATATCGTTACAAAGCT
AATTAATTGGAAAGATACTTACTCACAACTCAATTTTAATAATTTATCATTTTTTTTCATTTCTTCAC
GAATAATCAAATATATAGAATAAAGAGAAAACTTGTTAATATCATCCTACATAAATAAATTTGGATAC
AATAAAACCAAATATGTATGGGTTACAATCTAATTAATAAGACTCTTATTTTATTTTAGCATAAGACT
AATAACTCAAAAAATTCATACGTCTTTAATAAGTTTAACAATGAACTTACATAGCAAAAAAAATAATG
ATTTAACTTATATTTATTAATTTGTATCACGATGTTTGATAGTTTTATATCATTTTTAAATTTGCATT
AACAAAACTTGTTTTTTTTTTATCAATTTACATATGAAATTGTAACTTGCATTTGATAGTTTTATAAG
ATTTCGTATAAGTGTTTTTATTTTATGTGTAAATTTTATAATTTTTAAGCGTTTATCGTAAATTTTAA
ACTATACGGACTAAATTGAAACTTCAAAACGGTTTCCATCCAAAAAATGTAACGGCGGAACACTAAAT
CAACCCAAGCTATAAATTTAGGTTACTAAAACGGGATTGTTAAAAGTTGGGTCACCAATCCTAAAAAA
GTGGCCAAAACACAGGTCACCAAACCATAATTAACCCAATTAAATATAACAAAGGTTTGTAATCAAAG
CCAAGATGAACCTTAATGAGTTATCATCACTTAAACTGTCGTACCCTTTTAGGTTTATTGAATATCCT
TTCTGAAGGAAACTTCATTACTTGACATATCATACCAAGATGAAGCTGTATAATCATGGCAAAAGCCA
ATGCAAAAATAAATGTTTTTACCTGTTTTTGGGCTGCTTACCTTTGACAATTCAAGCACCAAAGCACT
CTTCTCAAGAAAAATTTTTTGGCTCTCAAATGGTCAAAAAAAGAAAAAGAAGTAACATTTGACTCTAA
TTTGATAGATTCCATTACCTTAGTTTGCCGTGGGGGACCATTCCCAATCGTCAAACGACAAAATGCAT
TTGTTCCTCCCATTACATGCCTTAAATTGTTTCCTCGCCTAACGGTAACTGTTAAGCAACCTGGTAAG
CAATGCAACAAACTATCTGCTCTCTCGTGAAAACTTGGCGGACATGTTTTCATCAGCATTTGAAGAAT
419 
 
TGGAACCGCTTCTGAGGCTATCATAGCTTGAGATTTAGATATATCTATAGGCATAGTTGACCATGATT
GTTTCAATAGACTTAAAGTGTCTAAAACTGAATCTTGAGCAGTTTCGGCACCAGATTTAAGAGCTGTT
ACCAATTGGGGAATACATAATGTAGCAGCCTCAGATACATGTAGCTTAGGGAAATTTGTGAAAATGAC
AAGTAAAGCTTTTAATGCTTCTTCGTTGATACCTCCTGTCGACCACAATTCTTTCTCAAGCGCCGCTG
TGAATCGATGCAATGACAAAATAAGATAATAGTAAACACTAAAATTTGCAGTGACAGGTAATTACATT
CTCACAAGAAATGAGCGAGTGTCAGCATAATAGTAAGTTCAACAGTGAGGGTGAAACGAACTGATAGT
TTTTGACATAAATTCTAAAAGCTAGCGTAATAAAAAGACATGAATACTAACCATAAACTTGCAAACTG
TCATCAGGATACAACCTTTATATCGGCAATGATAACAATCAAAAGATGATAAAACATATGCCATCACC
GAGACTATATGGTTAGAATAGATAAACTATGGGATCATCAGCGACATAATAACATTTTCACAAGTCAC
GACCGATTAGTAACTAAAAGCACAATAACAATTCCACCGGTGAGGGTGAATTGAAGGGATATAGTTCA
ACATTATGTCAGAAAGTACAGAAGTTCAACAACAAGAAAAAAATCACGAGCACTAAGCCACTAACTAC
AAACATGCAATTGATTAAACTGATGACGATAAACAATCAAACTGATGAAAAACATATGACATCCCAGG
GATTAGAAGATAAGCACCAAGTATGAATGTAAAACAATGATGTACATAAATTGGTTAAACTAGTATTT
ACCTGTCAAAGATCTGATAAGCTCGTTCGATACATATTCTTGAAGTGTGTGATTCGAAAACAAGTACT
TGATGAGTGAAGCTGCTTGCCCAGCAACCTCAGCGTTGGGAGAGAGCAGCAATTCCTGAATTATCAAT
ATTCCCCCGGCTTCTGCAATAGCACGCCTATTAGTTCTACTTCGCATGACAAAGTTTTGCAATGCACA
AACTGCTACCAATTTCAATTCCTCTGTGGGCTGATCTTCCAATAAACTTATAAGCGCACGACAAGCAG
ATATAGAATCGGTTGCCCTAGCAAGTCCTTCATGTTGTGACAGGTCACCTAAAGCAAGAGCAGCAAAT
AATCTCCCAGAATTTGAAACAGTTTGTGGGTCCAATAAATACTGTGCTAAAGGGGCAATAGCGTACTT
TGCCACTTTCATTTCTCTCACTCTTTTATTATTAAACAAAGTTTCGAGTAACCTTCCGCAAGCTTCCT
CACATTGGTGTGATCTTAACACAACTAATAAAGCATCTATGGCACCAGCTCCAGCCATTTCGATAGCA
CTGGAAGAATCTATTGTCTCTTGAACTATAAGTGCTTTTATTGCTATAGTTATGGTGCTTTCTCTAGC
CGAGTGTAACATTTTTATAAGTACGATAATTGGAACTCTGTAATAGTAGTCGGCGTCCGAGTGAAGAA
TATTAGATAAAACTAATATAGCTGATTCCCATAATTCAAGAGAAGGTTGGGGATCATCTTGCATTATA
ACCTTTGAAAGTTCGATTAGACCCCCAGCATCAGCTACTGCGTTTGGCCAACTTAATGATATATTTTC
TAAAGCCTTGATGGATGTCTGTTGTAAATTTAGTATTCCTATTCCGGCGAGTTGAACAAGTGGAATAA
CAGCGTTTTTAGTAGTAATATCTTGTTTAAAATGATCCAACTCTAGAAGACGACTTAAAAGTTCTGTG
CTAAGTTGCTGTATAGCTTGAGCAGAGGAGAGTAGAAACGGTATTAAGGGCTCGATAACCTGACTCGG
AGAAAGTTCTAAAAGTGCAAGGCTTTGTGGTTTCTCGAGAATGTTAACAAGTGTTTGTAAAGCACTGT
GTTGACCCAAAAGACTAATATCTGAACGAAATAAAACACCGAAAAGAGGGTTCACAATATTTGCCGCA
GCTGAGCTTATGGATATTGCACCAATATTTGTCAGAACACGAAATAATTCGGCAATTGAGGAGCACAA
CGTACTTGATGATCTGGGTAAAAGCTCGAGGCAGTTTTCCAATATTCCGGATTTAAACATATGCAATT
TGCAGAGAGTCCGATCTTGTCCTACCTTAATGAGAGCACTGATACTAGCCTCTATAAGTCTAACATTC
GACCCAGAAACTAAATTAACAAGAAGGTCAATAACATCTTCAGATGCAAGAGATTCTACTAAACGGTT
GTTATCTAACAATCTTTCTAAAGCACAAACACCGGATTCAACTGCAGTATCATTATCAGATTGAATCA
GCAATAAAAGAGGATCTAGGCATTTAAAACTAATTTCAGCTTCTCTGAGCTTCGAGTTCCCGAAAATG
ATGAAACAAAGTTCCGCTGCTTTTGTCTTAACTTCCAAGGAAGAAGCAGAGGACAAAATTTTAATCAG
GCTTGATAACGGGTTTTGTTCCAAATCAGTTAGAAAGCCTGCTATATACGAATCCTCAGAAGTTAATT
TAATCAAGCTTGTAAGTGCAACATGTTGCTCAGCTTCTGATCCAGCTTCAAGCATGTTAACCAAAGGC
TGAACTGCTTGGTTGGAAACTTCAGAATATCTAATATTATCAACATTAAAAAGCTCATCAAGGGCCCT
GGCAGCATTTAATCTTGATTTTTTTGACCCCAATCGTAAGACAGCTATAAGCTGGTTCAGAGAATTAA
AAGCTGCTTCATGTCGAACAAGCTCTGGGTTGCTATACAATATTCTCAAAAGGTCGGTTATTATTAAT
TCAGTAAACTCTTGAGGACTTAAAGATAAGTACTTTGTTAAAGCTTCTAATGCTCCAGCTTCAGCCAT
CAATATTTTATTTGAATCACTATAATTGGCGAGCCGGGTCAAAAGTTGAACAGATATAAGTGGTGCAT
TTGGCCTATCTGGCATAGGTTTTAATAAATCCACTAATAAAGGGATAGATTTACGAGCAGTTGAACCA
AATTTGACATCTTCAATTTCGAAAAGGTGGTCGAGTATTACTTGACCGGGACTTTGAGAGAGAGAGAA
ATCATCGCAAAGACCAACTAGGTTTGGAAAATCTGATTCTACACAACCGATCAAGGACATTAAACCAG
AAACTGCTCCAGAATTTGCAACTGCTAGACTTATTCCTTTGTTTCCGTTACAAACAAGAGATGCCATT
GCCTGGGCTGCAAAATATTTATCAGTCATTTCTTCGGATTTTAGCAAAAGTGCAAGAGAGGGTATAAT
ACGCAGAGTTGTTGAAGATGATACAACATTTTCATCTTCAAACAATATAGCTAGGACAAGGGCACTTA
TCCATATGCCCTCTGCATTCTCCATATCTGCCTGTATACAAACATAATACTTGAATTAGTCAGGAAAG
AGGAAATAAAGACACATATTCAATTAGAGATATCAAAGGAAATAAAAAGGCAATTTCAGTAGTAGAAG
AAGATGGATAAGGATCCTACTCAAAGTTGTTAAAAATTAACCGTTAAACCGTGTAGGTTCAGAAAAGA
TCACACCTACTTCTATGACTAGACTAATATTTTGTCTCGCTGCTGGTACTTCACTGCATCAAAATCGT
TAACAAGTTAACGTCCTTGTTTGGTTGCGGCTTTGAAAGTTGGCTATCTGGCATTTTTGCTTAAAGCT
GGATGGCGTTTGGTATTATCAGCTAAAGGTTGAGATTTTCTGTAAATATACCCTGAAAAACCTACAAG
ATTTCAGTTCAATAAAAAAAAACAAATGCCCTAAAGATTTAGGGCTTTTCTATAGGGAAATGGATAAA
AAAAACCATGTACTTCTGTTTGGGTGACACATCCGTCGCATTTATACCGGCAAACTACATATGAAAAT
TAAATGACAGTATTTTTTCTTTAAAAGAATGGAGCAGTACCCGTGCATTGGAAGTATGAGAAGCAAGC
TTATCAGAGAGAACCTCAAGTGCCCCAGCTCCCATTACAGCAATCTTATTCTTCCTATCAAAAGAAGA
AATTAACGATAGCAGCCACAAAGCTGTAGCACCTTCAATAATAGTGGCTGGATCATCAACATCAAACT
420 
 
TATCCGCTTCCAAATACGAACTTTTATCCACAAAAACTTTACTTCTAACTTCAATTTCGAGTGAAGAG
CAACTCGAGCTACACTTTATCATATCAACTAATGTGTAAATCAAGCGTTCTAACGAACCTGATCCATG
TAACACCTCCATTGCCTGGATTTTACATTCTTTAGTAGCACAAATGAGCAATGAAACACTTCCAACTC
TTGCCTCTAAACTTGAAGAGTCTGTAATTCTCATTGATAGTCCATTAATAGCTCCTGATTTCAAAACC
AACAAATCACCTAATAAAACAGGGTGATCCTTGCAAAGCCTAGAAAGTATCTCAATAGCTTTATCTTG
TAACAATGGAGGACCTTCAGCCAAACAGTGCACAAGAGGGTCCAGTGTAGAAGGAAACTCAGCAAGGG
AAGAAAATGGAAAAAGTGAAATATTCAAATTTTGTTTCGCCTTTGCTACGAGGGACAGTAATTCCAGA
GCCTCGAGAGCATCTGTTCCATCCATATCTGTCGTATTTAACGAATCCAACACAGAGAGAACAACAAA
TTGGCATTGACCGTTACCCCTGAAAACATCACCGATGGAAAAATGTTTTAGTAATTGATGTAAAGCAC
GTATGGCGTTATTCTTTCCATTTAAAGATCCTTCTCCTAAAACCCTAATCAAAGAAGAAACCACTTCT
TCGGCTAATGCCTCAGCAGCTATTTTAAAATCAGATAAAAGATTGGCCAATGCTGAAATTGCAGTTTC
ATTGGCATCGATGGAATTAGTTTTCGCCAACAGAATTAGAGGCTTAAGATCGCCTTCTGCAATATAAG
ACATAGTTTTCCCAGACTTCGTATTAAATTGGCGAGACAAAGCACCTAAAGCTCGAGCAGATTGTGTT
GCGATATCTTGGAAATTACTACTCAAAAGCTTCATGAAAGCGAGAACTACTTCGTCAGTTGCAAAACT
ATCGCAAATATCTTGTCTTTTGCTGAATATATCTGCTAAAACAGTAGCTGCACATTTTTGGGTTTCTT
CATTAGATGAACTTAAAACCTGCACAATCGTTCTCATCCCTTTACACGCTGGACCTCCCTTATGCACG
AGATCATTATGTGAAGCTAGAGAAAGAATATGACCAAACACTCTAATTATCTGCATCTTTGAAATTGG
AGACTCTCCCAAAAGCAAAGCTAGTAACTGGTTTATGGTAGCAGAATCGGCTAAACGTACGAGTTTTA
TAAGTGCTTTAGCAGAAGCTTCTTGCCCTTTATTTGCACCACATTTTAAAAGCCACAAAAAAGCTGGA
ATTGCCCCAGCACTCTCGACACATACACGTATATCTTCACTGTGACAACATAAGTTACGTAAAACATG
TGCTGAATCCTCTCTTGCCTTGTGGGACCCAGTTTCTAACAGCTGAACCAATGGGGGAATCCCACCAG
CAGCTGTAATAGCCCATTTACTGTCATCAATTTGTTCCGTTAGAATGAATAATAATCCAACGGCATAT
TCCTGATGCTGTTCACTCGACAAACCGAGTAGAGATATAAGTAACTGTATTCCTTCTCTCTTCCCAAT
AGCCTCCCATATACTCATCTCCTTGCCACATAAGCTAATTAGAGAAAGAATCAAATATTCCCTCACAT
CAGGAGAGGCCATCGTTGTTAATCCAATAAGCACTTTTTTAGCCTCGGCCTGATTAAGCTTTTCCGCA
AGATATAAGTTGCCGTAAAGACTTGACATAGCTTCTAGAACCCGTTCCTGAGCCAGCTCATTATCTTG
ATGCTTTAGTAAAGTAATTAATAATTCCTCTATTTCTTTAGCATCTAGTGGTTCTTCATCATGCATAT
CTTCAAATACCATTAGCGAGTACGCAAGTGCTCCGATTATATCAGTGACAGGAGCAGATAAATGCGTG
GACTGTGATAGTTTTCCGAGATATAATACTAAAGCACACATTCCATCACATATATTCACTAAAGCACA
TAAAGCATGCTTTTGAAGATCTTGGCCAGATTCTCCTTGCATACACTCTTTTGAAGGAGCAACTATTG
CTCCAATCAGAACTGGCAGACCATCTGCCTCAACAACTGCTTTTTTAGCATCGGTAGACGTTGAAGAA
AGCGCCTCCAAAGCATCAGCGGCGCTCGCACGTATAGATATATTATTCGTAGAATCCACAAGACGAAG
TAAAGCTCTGACTGCCCCAGAAGCTAATATTTTCGGGATACTATCGCTAAAAGCTAAAATTAAACGGG
CTAATAAAGAAGCTGCGTTTGATTGCGTAGCAACATTATCTGAATTTAGTAATTCTACGATAATATCT
ACACCTCCAGCCTCAAGTGTAGCTTTCCAATATCCATCTTTATCGCCACATAGATTTCTTAAAGCACC
GGTTACAAAACCCTCTACTACTTTGTCCTGTTTGTTTCTTAAATTAAGCTGCTCCCACAATGTTGGCA
CTACATTTTCTGTAACAAAAATTTTCATGCCCACATGATCATCCGAAAGCCCACCGGATGAAACTTCG
TATATAGATTCTGCGGCAGCTTTTCTTGCTTCCGTTGACTCAGACTTTAAGAGAGAAAGTAGAGGAGG
AACACATCCACCTAGGAGCACCTTCAATCTTACATCTTCGTCCTTACATAGGAGACTCAGTATTGAAC
AAACGTCTACTTTTGCAACAGGAGTGCCATTTCTGAGTATAGATATGAACAATGGCATAGCTTGAGCA
TGTGAACCAATAAGAATTTGAACCTCTTTTTTATCTCGAGCTACACTAAGCAAACGTGATGTGATAAT
TTCTTTCTCATTTTTTGAGGACATTTTAGCATGCAGCTGCTCCAAAAGATGTGCAACGGTAGCCATTG
TTTCATCTGAGTCATTCATTTTTCTATTTCCAAATGAGTCCCTGTGAAATAAACAGTATTTTTTTCAA
TTAATGTGTACAGGTATTACAGTCTATGAGTGTGTACATTTGTGAGGAACAACTCTATCTCTCCAAGA
AACACAAATACATATCCATTTATGGACAAAGACATGGCAACTGTCGAAAACTGAGGACATGGACCTAT
AGTTACATTTATTTATTTGTCCAAGATTATGGTTATTCTAATCACACCAAAATCGAAAAGCAAAACTT
TAGTTTGGTGAAACTGCATGGAATTCACATGAATTCTCACTGGTCCGCAGAAAACATGGATGAGGTTC
CCATTGGATTGGAAAGACATAAGTCATTACAAAGATGAGATACAGAACAACACATTTGCAAAAGCAGA
CCTAAATAAAATTCAGCTAAAATTCATCAACTACTAATGAGCATCATAATGGATCCATTTATAGAATA
TTCTGATTTCTTCGCAGCGGATTTTTAAACAAAATGATGCAAG 
 
PvG39 (+/-) 
CAGAATGTAAAGAACCAAAATTAAATATTATTCAAAACCTTATGCAAAATCTGTTACAACTTGGAGCC
ATATTATGTTATGGAATAGTAGCGAATCATCAATGTATATCCAAAAGACAAGTCTATTTACATACATG
TGCGCATACACTTCATGTTGACATGTGCAGTAGCCAAATTGCAACAAATTTCAACACCTAATCAACTA
GTTTACCTTAACCCCTTCTTCCAAGTGCACAATCATTGACCCTACATTCTAAGGTCTCCTGTGCCACA
TCGGATCACTTATCCGGTAATCACACAAAACAGTCCCCATGGTCACAAATCACAACATCCATATGGTT
TGACACTTGGTCAACTTCAGCCCACACAAACAGACTGAGATGATTTCAGGTTCGAGTCCTCGACTGTT
CAAAAATTTCCAAAACCAGAAGGACTGGAACTATGGGAACCCTCTGAGCAATTGACCCGTAAGACGAC
CCTTGTACAATGAGCTACACTTTAGTATGGCTTTTGGATGTACATAAACATGTCCTGCAATGGAGAGA
GCTGACTAGAACTCTGGAACGGTGAGACGAAATCGTTATCCATGGTGGCATCTAGGTAATTATACGTA
421 
 
GAATCGAAGGCATTTTTCTCCCACTCTGTGATATTGCTCTGGACCTCGGAGTTGAACTCGGGGGACAC
CACATGTTCTGAGCAGCTTGAATCTGTGTGGGGCTTTGGTACAGAATCCGACGTCTCTATATAAGCCA
TCTCGTTGAACATCCCTGCTGGAGAATGACGAGGCGGATACTGACTGTTGCTGATATTTGGTTTCTGT
TCGTAGATTTCTGATGAGTCATCATGTTGTTTCGTGTTTGCAGCTGCAGCGTTTAGCTTCTGCTTCTC
TAGTGAGCCTTTTTTGTTGTATATGCGACATAGCACCCAATCATCAAGCTGCAAAATTAATCGAAGTC
AGACCACAAAGCATTACTTAATAAAATAATGAAAGAGATGCAACTTTGAAATTTGAACATTATCTAAT
TAAATTATATCCCCTGTATTATTTTATATCTTCTCAATCTGGCCTAGCAAGGGATAATGCCCCGAAAG
AATGCACTGTCATCCGCTCAAGCCGAAGGCGGATGGATGCCAATGTCGGGACCAAAATAACAGTACTA
AAATTAGTAATCATATTTACACGCCGCACATATAAGCAATCTTTTGCTTCCAGTGTAAAAAGGATTAG
TTTAAATTAGTACGCCAGTTGATGGAATAAGTCTGTAGATGTCATCAATCCCAAATATGGCCCAGACC
TCTTACATCAATTATTTGAGGCTTTAAAACAAAATCTAGGTACTTGAACCTAATAAACAACAAAAAGA
TTGAAAATGACCCATTTGATTCCGTTCACACCAGTCGTATTTATACATAGATAGAGCAAACAAAGTAT
GCTAATTTGAGAACCTAAAATACATTCCGACTCAAATGACTATATAATCAAGTGTTTACATTTGATCA
CCAATTTTACCTTTATACCCCACTAGAACTCAAAACATTACAATTATACAGTTTTTGGTCTACTCCCG
TTGTTCTTGTACTTAAATATTTTTATTGATAAACTAAGAATCACTTTGCTTTCTGTATTTTGATCATT
AATTTTGAGTCGTTAGAAAACAAATACTCCGTATTATGTCTTTTATAGAAAAACAACCCCAATAACAC
CACACCATGGGACCAGGAGTAAGATCTAAATATCTGATGACATCTTTTTTACCAAAATATATATAATT
CTTATCGAAAGTTGAGATTGCATTAAAAGAAAAGAGATTCGGTTACGGATATTAGTTGCTCACACCAC
GCAACTTGGTGCTAATGCTGTAAAAAAAACTAAGATTATAAAAGCAAATTGGTTCCCTACCTATAATT
CGATTATGAACCATCATTTCAGAGACTTTTAGCAGTTTCTTCTATACCATTTCTTAAGAAAAGTACAC
ATACATCTTCATCTTGGGCTTACCATTTACTCCATTTATCAAATAAAGATGCTTAAATTTAAACAAGG
ACCAATAATTGATGCAACTATGTTAAAAAATAACCATAACCTAAAAAAAAAAAACTTAGGACAAGATA
CATACCCTTAAACTATTGCCCTTCTTACGAGCAGAGCGGTCCACATCAGCGAGCCTGTATTCATGCAT
GATCCAATTAGTTTTCTCCCCTTTTGGGGCTTTTCCGGCGTAAAAGACAAGTGCTTTTTTAATCCCAA
CAGCTTTCGGGTTCCCAATCGGCTTATCTGCTCCAGTTGCTTTCCAATATCCGCTACCTGCTGCCCGG
TTTGGCCGAGACCCATTTGGGTATTTCCGGTCCCTTGGGGAAAAAAAGTACCACTCCTTTTCTCCATA
CAAAGCCAGTCCTGTAATTTCATAAAGATAAGTTACTTTGTTTCAAGACTTACTCTTTGACAATCATA
TACTCCGATATCACTTTATAAACATAATCTAGGAGAATAAATTACACTCAAAACATTAATAACATAAA
AAATTACCGACGACTATAGATTTCTCTTTGGAATTTTCAATAGTACTTCAAATTTTACTTATATCTTT
ACAACTTTGAATCTAATATTAAATATTTTCCTTTCCAAAAAAACAAAAACAAAGTATAATACATTAAA
AATTTACCAAAAAAATTGTATTATCGGAAAAAAAAATCCATTTTTTATTCACAAGCAGGGAACGAAGG
AACTATGTGAAGACTAGAGACACTGCACCCCAATAAATGATAATAATTGATGAAAAATTATTACTTTC
CTAGGTGTTTCAATTAAAATATTCAAAAATTAATAATATCTCACAAATATAATTCAAAAATGATAATT
CCAATCCTAGAATTCAAGCTATTAGCTATAGCTACTTAACAAAAATGGAAATAATAAAAAAAAAAACA
TTTCTGAAATTATGAGACTGAACCCTGATTAAAAAAAGAAGCAATCAATCAATCAAGATATACAATTC
ACTTATTCAGCTAATGATATAAAAATTAAAGTAAATAAAATGATTTGAGTTAATAAAACCTTAATTAA
AAATAAAAACCAATCAATCAAAGATAAACAATCCAGCTAATGAAATAAAAAGCAAAGTATAAAATGAT
TTCTCAATAAATAAAACATTAATAATGAGTACCAGGGAGTTCCCAAGGGTCGAATTTATAGAGATCAA
TCTCAGCAATAATCGGTACAGAAATCTGCTGCGACGCACACTTTCTACACAAATAGTGCATCACCAGC
TCCTCGTCCGTCGGATGAAACCTAAACCCCGGTGGCAACACCATCTCACCGTTCATTCTTATTTATTT
CTATTCTTTTTTTATAATATTTCTATTTGATATCTCTCCTCTTTTTTTTCTTTATTTTTTTGTAATCT
GATATCTCTCCTCTCTATTATTATTGAAACTTAGAACGCAAGGGAGAATTCGGATATAAATAGACGAA
CTTAATACTAACTATTGGTCATTTACAATTAACCCCCATCAACTATCAATTATTGAAATTAACCCCCA
TCAACTATCAAACTTTTACAACTAACCCCACTGCTATCTTTTGCTCACGGAAAAAAAATACGTTTAAT
GTATTGTACTACCAATTTTTAGCGATTTAGTTACGGGACAAATAATTTTAACAATTGACCTACCAGAC
TACGAAATTTGTCACAATTAATAACCTACCGTTAAACGAAATTATACTCACATTCTCTTGTCTACCAC
ATGATGAGTGTAATTCTATCAACATATGTCAAAAATAAATCCCCAAATGTGAGATATAGTGACTGAAA
TCTAGTCGATTT 
 
PvG40 (+/-) 
AAAAAATGTACAATTAAATAATTTAGGTGCATGCATGGGTTGGACTATTTTCAAATCCGAGCCCCATA
TAGTATTAGAAATACTCTTCTTAAACATCATTTGATTTTCAGACCGGACTTGTCATGAGCTGAATTTT
ATTTCCAACCATTATATTTGTGGGGTCTTCTTGACTTGTAATTTGATCTCAATTTGCAAATAATTCAA
CCAAACAAGGTCGTAGGAGACTTACACAGAAGTCCCTTGTATATGTTTTGCCTATATTTTTTTTTCTT
CGTACTATATTATATGTCCGATTCGAATTACATGTGGATTAGGCGTGCATGGATACTTAGAAAGTTAG
AAACACATCAAAAATGAAGAAGAAAAAAAACTCTCAATACGTTTGATTCATATCTTACAAAATCTACA
AACTCATGAAAATACAAGCCATTTCGGGGATAGAACAAGGAACTCGTTGATAAATAAAAAGTTCGAAA
ATTTCTAGTGAAAGATAATCATTATTGTGGCAGTGGAATATCAGCTAAATCCTCTCTGAAGGGCATGC
GGTCTAACTCATAGGTAGTTTCCATGCCGATACGACCACCCTCCATACGTGTTTGAGCATGGGCGTTG
TCAAGCTTTGTCGGGTCGATAAATGTCACAATAGAGTCTTTCCGGAACATCAAATATATAATCGAGAC
TACATAAACTGCCATGAGAGGAAAAACTAGTATCCCGACAAACACTGTTGCAACTTTGGGTAAAGTGC
422 
 
TATGGATAATCCATCCGACAAAGGCCGTGCTCAGGTAATAAATGTTTATGCCCATAATTGCTATCCCC
AAAATCCAACAGATGACAATAATCTGCCCAATGGTTCATAATATTTTTTTAAAGAATAATATGCATTT
ATCTCTAATAGAGAATTTAAAAACTTAGTGAAGAAACATACGTATATTGAGTTCTTGTGTGGTCCCAT
CTTGGTAGAACTACTACTAAATTTGAGGAGTGGGATGAGAGCAAATGGAAGCTCAAATGACAAAATCA
TCTGAAAGAACAAATGTTTAAACAAAAGCATAAGTTTTCAAGTCAGGAATAACTATTAACATGTATAT
TTAGAGAACTGTATTAAAAAACGCGCTATGTAGTGCTTTTATTCCAATATATTGGTTAATGAAAAAAA
AACATGTGTTATTTGCTATATTGTTGGTAAATCGCTAATCATGCGCTTTTTTCTTCTAATAATGTGCT
TCTTGGCTAATATCCCGCCTTTTGCGCTATTTAGCATGAAAGGGCGCACTTTTCCCATATGATAGTGT
AATTTATTTTTATGAAAAACTAGCCTATAACATTATGGTATTGCTTTTTAAAACACTGATATTAATAT
AAATTCCTCGACATGTTAATATGACAGCTTCTCATTGTGGTTCAAAACCTTTTGTTTCTGTTTAAGCT
ACAAATTAGATAATATTATTGTGAATAATATTTTTCGTTGCGCTATTAAGTTACTAACCGATGCGATG
ATGATGAGTTTTCCTGCACCCGAGGACCCACCAATAATCGAAACAATAAGACTAGGTACAATGGCAAT
GCACCTTGTCATTAGGTTTCTCACCCATTTCCTCATCTTGAGATCCAAAAATCCCTAAATGAATGCAA
CTAAATTAAAAACCATGAATCTTTTTCTATAAAAGAATTGTACAAAATTTTTAGTTCATACCTGCATT
ATGAATTGTCCTGCATAAGTGCCTGTAATTGTGGAACTCTGCCCTGATGCTAGTAGTGCAATTGCATA
AATAGTCGAGCTTGATTTTCCCAATACATTCTGTAACATTTGAAAGTTTCGTAAGAGAAATTATGGTA
AATAAAAGAATCGTGCGGTAAAAAGCTATCTCGGGAAAAAAAGTTCACGTTCTTTTATTGGGGTATAT
TACTTAAAACTTAAAAGTTAGCTACGAAAAAGTTTAGTACCTTAAGAAGGAAAGAAGCGGAGTTTAGG
TTGAGGTCGCTGCATTGTTCTAAGTCAGTTGGTGAAATATTTTTATTTGAGCAAACGGTTCCTGATAC
TGAGATTATTGATACATTGATCAGAAATGCTACAAATAATGCAATCCCACTCTCAATTAAAAAGTAGC
GACATGCATCCTGCCAAGACCACATACATAAAAAGGCATATTAATTAGTTTCACATGAAAAAGCTAAG
TATTACTTAAGCGTCTTGTGATATTGAACTAAAAAGTAGTATTTGTTTTGTAAGGTTTACTGACATTT
ATGCCTCGGATAGAATTTGGTATCTTTCTTGAAAGGACAAGAGCTGAATGGAGGAAAAGATTATGCCT
GTAGAAAAGAAGGAGATAAGCAAACCATAATTAATTGTATTCCAAAAGAAACTAACCCTACGTGTCAA
TATTCACAACTAAAATGTTTGTAAATCTGCCAGATATAGAGCTCTCATAATATCTGCACAGTTGCATT
TCCCTTCATTGTTGAACTGCTATTTACAATGACTTTAGTGTTCCTTTTTTATCCGCAAAGGAACCATT
TTCTGAAGATAAATGGTATATACAAGGCCTGACATTATGGTGTAAGATGAAATGTGGTATTATTTCTT
TCTCAGATGAAGATTTTGTTTTTTGTTAATTCTGTGGAATTGGTTTGTTATAAAAAGTCATTTTCTAC
TAGTCGACAGACAGGGAATACCAGGCAATTACAACTAAAATGATGTACCTTGGCAAACTAAAACTATT
TCATTGCAAGTTATATAACTCTGCGTCCTTATAATCTATATGAATACATGTATAGCGGTTAGGTAGTT
TGACTCCCTAGATAATTACTAATATACAATATGTTAATTTTTAACTTTATGATGTATATAATAGGTAT
ATTTATAACTTCAGGAAACATTAAAAAAAACAGGAAAAAAAAAAACGAGGCAAGGAATCATACGGCAT
TACTAGGGCGCCCAACAAGGCGATAGCATCACCGGTGGCTCCATGTCCGTTCAATTTGGGGATAAACA
TCCCCTTAAGCACATCTGCAGCGGGTGGCTTTACATAACTCATTTCTCCGAAAAAACACGCAGCCATA
ACGAATACCAACACCGCTATCAACATCTCCAATTTTCTCACCTAATTCATTTCCCATTTATAAGATTT
TATTAGAAATATTACAAAAAATTGATCTTCCAATCAGGGAAACTTAAGTAGCTAGCTAGATTAAACAA
TCTATATTCTGGAGCATTTTGGATTAAAAAAAAAACTCTATGTGTTGGTTAATTACTTGAAATCAACA
ATTATGCATGTCACCCTAAAAAAATTAAAAAAAATATGCATGTCTGTGATTGTGTTTGTTTTGTATGC
ACTTGGGATGGGAATACAAGTGTAGACTTCATCGACCAGAACAACATATTTGGATTAGAGCCCCCAAT
TATTATGAATTAACACTTTACACCCTACTTAGAAATGAAACAACACGTATGCTGTAGAGAAGTGCCAT
GTGTAGAACAACACCAAAAACTTTTCGGTGAGAATACAAAAAACTTTCTGTCATTGGTTATTTGTAAA
AATACAAGTTCGGATGCTAATAATAAAAACAAAATTGGGAAAAAAACAAAGGCGGGAAGGTCAGTATT
TATAACAAATACCATAATGAGAACAAAAAATTAGTACATAAACTTCCAAGTTAGCTTTTGGTCAATGT
TTCTGGACATGTCTAGCTTTCAAAAAAAACAAGTTTCTATATCATTTCTTGTTGCACTTGTAAATTAT
CTATCTTTATATAAATAACAATGGACCTATGCATAAGTAAGTTGAAAATATTTATTAGTTTAACTTAG
TTTCGGTATACGTCCTTCAGATTAATTACCACAAAAACATAAATTTCGAAGATCGGGTTAGTATCTGT
TGGCAATCTGACTGCATTCAGATCTTACTTGTGTTTGTGTATGAAAGAAAATGCCAGATACTAAGCCT
AAGGTTTATCAGAGAACTTTTCGACTAATTGTTGCATTTTACATAACACATTTAATCACACAGTTTTA
GCCTTTGAGTGCTGATTTTCCGTATTTAGTGGTGAGTACAGCATATATACTTACATTTCTATTAATAA
TTTTTTTACTTTTAGTGAATTCCTATTTACTGTATCAATTTTTTAAAAAAGATTACCCCATATCTTTG
TAGACCGAGAAGTAAGAGAGTGCTAAATCCAGTCAAAAGAACTCCACCCCACACGGGGATATTGAACA
ATATATTTAACGCAAAAGCTGTTCCAATCACTGTTCAGAAGAGTGAGAGGAAAAAATGTTAAATACGA
TGATTAAAGTATTAAATTTGTGATCTAGCTAACCAGCACTGCAACACATATATAAGCCTTTTATAATA
TCAAGTATAACATTGTTACTGAAACAAATTGATCTTTTTGAAACGTATATACTTGTATTGTTACAAGT
TATAACCATATTTTCCTCAAACGCTAGTTGTCATGCATAAAGTGAGCAGTTAATTCTGTCAATTTTCT
AACTCGATGTTCCTCTCCTAAGAACTGCATTTATACTCTAGTTTGCACTTAAAACTAATGGTTTTCCA
CTTTTCCTTGTATAAAAATTGAATATAAAAAGTGAAAAGTAAAAAGGTACTAGCTAGTCCAGAAAAAG
AAATATTCAAACCAGCTATTCAACCAAATAATGTGGCATTTTTTATTTATTTATTATTTTAGTAATTA
ATTCTAACAAGTTGAGAAATTACCTTCAGGTATATCTGCTGCTATGACGGCTAACTCTGCTAGTAGCC
ATAGGCAATATTTTACAAAAATTGGATATTCTGCCTTGCATAACTCTGATAAATGTTTTCCTGTAGGT
AATTTTAGAATATAAAGAAATTATCAGTGTGTTTACATGCAATATACATTTTGTACATAGATTCTTTT
423 
 
ATTCAATTATATATTTCTATTTAAATTCAACTTCTTAACTTACCAGTGCTTACACCTAGATTTGCAGC
AAGTGACTGAATGATGAGTGCGAAAATTAGTCCGATCAGGATAACCCAGAGTAGCTGCTCAAACAAAA
AGTAATTTATATTTAAAAATTTGGTTGCCATAATTAATCCGAAATTAATTAAGTTTCAAATGTTTAAG
AAAAAATAATTATCCTATGGTTTTAGAAGTGAGGAAAACGATGAAACTCAAATGTGCTTCCCGTGTAT
GGTTAACTGGATAGGTCAATAGTTAATTAGATAATCTTAATTGTATCATTCATTGGGATGACCACATT
ATTAATTTGAAGTTGAAGTATGGAAGATTTATCCTTTTTTTGAATCTAATTAATAGTAGTCGATCACA
CACTGAAATTTCAGTGTGTCATAGTCGATCACACACTGAAATTTTGAAGACTCCTAAATGTTTGTGAA
ACTGTTAGAAATTTAGAATCAAACAAAACTTTGGTCCAAATTATACTGCATTAATTTCAGTCTAGTCA
ACCCGTTTATTAGTTTTGGGAAAATGAATATTTTTACCTCATATCTGTGATCAGCTCCCGCTTGCAAA
TCAGTTTCCACTGTGACATGATAGCTCAAAGTTTAAATTAACCAAAACTTAGATAAATGAATATATTT
TTAATACAACCATCTTTCTTAAAAGAGACTTACAATTTCCGGGGTCTAAGTAAGCCAATGAGACAAGG
AATCCAGGGCCAATATAAGCGAAAAAATTTCTCCATCCGGGTTTCTGATATTGAAAATATAGTTGTAC
AGTAGAAGTTGGTTACATAAAGATCATTATAAATGCAAATTTTTTACACGATATCATGATACAAGCAT
ATCCAACATTGAGGTAGAGATATATGTCTATAAAAGGTTTTTGATTCGTATCCCACGTTTTGGTCTTA
CATATTCGTTACTTCCAATAGAACCTTAATCTGATGTAGTTAGCACAAACCATAGGCAATGATTTCTT
ATGAGAAAATTACCTGGTGTTTTTTTTTTCTTCATAAGAACAATAATATATATCTCACAGCAACTATT
ACTCCAAACTGTTAATTTAGCTTCCGTTTGGCAAGATTACCCTTCGACTAGCACATTTTGACACACGG
AAGAAGGTAAATGCCCCATTTACTTATGTCGCATTTTCGCGCTATATAAAATCTTAATAAAAGAAAAT
TCTCAATTATGTTACGTTGAATCTCTCATCAATACAAATCATTAAAAAAAAGACATGTGTGTTCTAGT
CCTTTTTAAGTTTATTTTAAAAAAATGACTATAAGAAAAAAA 
 
PvG41 (+/-) 
GATCCGATTTTCAAGGTCTTCCAAAAGTAGAACAGGTATTAGAAGCGCGTTCAATCAAGGTTTAATAG
TACATCTCAACAGGGGACGAAGAGCAAAAACTGAATTGCAAGCACAGATATTTGCTAACAATTGCAAG
AAATAACAATACCAGATCGACGAAGAAAGGGAGCCACCAAAAACACTATTAAAAAGCTGAAACACCGA
TAACAACCTTACGGTTGACAAGCCACATAAGTACATAACACGAAGTAATAACCAAATAACAAAGAGAA
AAGCATAAGAAGTAGTGGAAACAAATTCCACCAAGCTATTCATGTAAAATCCCAGTTCAACATAAGAA
AAAATTTATTAGGATCCATGAAACCAGGAAATGAAAAACAAAAACAAAAAGCTCAATCACGCTCTCAA
GCGACCTTTCTCAGCTTTTTTCATCACTTAAATTCAAATCGTCAAACATTTCTTTACGGGGACCGAAG
GGACACCAGTTCATCAAAAAGCTATTCATACTAATAGCTCCTTTTTTCTTCATCAGCTCTGGCCCTCT
TCGTGTCATCGACTTCCATGTTGAGAGATTTTAACTTCCAAGAACATGGCTTGTGGCTATTTTGCCGC
TTTTCTTGGTTGCACGTTTTAATTAAAATAACATCTGGGAGTTAAAGGTCTTTACACTTGTCTAGCTC
AATATTAATATTAGCACCATACAAATCGTACCCAAGAACGTGATCCTCAGACTTCAAAATAAGGTCCA
AATGTGTCTTCACATTGAATTTAAAGGAAGAACCACAAGGGAATTTCGGCATGGGCAAAAATATAGTT
AGATTTATCCTGTTTATTTCTAGATGAAACAAGTCTCCCTAACACAGTACACTTCACCAAATCCCTAC
TAGAGAGTAAAGGCATAATTAATTTGCCAATATTTCTCAACATCTAACCAGCAGTTTTTCAAAGTTAA
AAGGATCCATTATACCTATTAGTTAATTTTAATCGTAGTCTCAGCTTATTACCTATTTTGTACTGAAA
GAGATGTGTTGATTTTGGTATTTTACAAGGTATTATGTTTGTACTTTTAAAAGAAAACTTTCTAATCT
ACATGTGATGTTAGGCTATTTTGTATTTTCCAGTCACCTCCCTATCAATATCAGCTTATTACTCATTA
ATCTCTCAACTTCGTTTGACGCAGAATTAGCTGAACCACGACAAGTCAACCTCATCCCACTGCAGCAA
GGTAATGAACTATAACTAGTTGACCCTATGTGGCTAGTCCTCT 
 
PvG42 (+/+) 
ACATTATATGAAAAGCTGCAATTTCTATATAGTTAGCCTATGCACCTGAATGGTAAACATTCCATCCT
TTTTGAATTTCACAGTCACGTCTTACTTTAATGACTAATACTGCTATAGAGTTTAAAATCTCGTTAGC
GATTGATAATATTAAGGAACGAACGAACATCATATGAAAAAATGTATTTTTTGCGGAGTTTTTTCTAC
TGTTTTTTCCCCTAGCCCTTGGGGAGTTCATTATCATGTTTATGTCTACTGCTTTATGTATTCTTATT
TCTGCTATGGAAATGGTAACTAACAAAACTTATTTTTTTAAGGTTCCGTGTTCTAATAAAATTCCAAT
CTCCAAGAAGGTACCCTCTACTGGAATCACGACTACAAGCTTCCCCAGAACTACCTTGCCAACAGCCT
TAAATGTCAAACCAATTTTGCCTGTTTCGGATAGAATTTCATATACAAGTAAAGGCAAAGAGAACAAG
AACATTAATGTTTCCCAAGTCAAAATGGATATTTCACCAACAAACTCAAATAGCGATACACTTTCTAT
GGACGAATCTCTGTCTACTTGTGATACTCTTAAGAGCCCAGAAATCGAATATGTTGATAACAATGACA
TGGCAGAAGTTGATTCCCTTGAGAGGAAGACCTATAGCAAGCTTTTCATTTCCGAGCCTGAGGAAGTA
GCAGGTATTTCCTTTGTTTGTTCGTTTTTTTCTGAAAGTGATTGCTCATAAATAGAATACTTTGCAAA
GTGTAGTAAAACAGTTAATCATTCTTATTGTTTGCAGAGATCGTATGCAAGAGAGGCAGAGATACGGG
TGAGGTTAACACTGAGGAAATTGCTGATCTTGATGATAACGTCATGGACCCTCAATTATGTGCAACTA
TGGCTTGCGACATTTACAAGCATTTACGTGCATCTGAGGTTAGAATCCTCTACCCGTTGTTCTTTTCT
AGATATGTTTGTATTGGTAATGGTATACCAGTTAAAAGTTTTTAGTCTTAGCTTTTAATACGTTTCGT
AAACTGGGTATGATTTTCTTTTGGTAAATTCTCGGCTTACTAAGCTGAGTTTATAATATGATGTCACT
GTGAAATAAGAATCTACATTTGACATTACATTAAGAGAACAATGCTTGACATTACATTCAGACATAAA
424 
 
TGCTTTGTTGTTCTACACCTGATGTAGACACTTACAGTTATTAATAGAAGTTCATTCAATCTTTTATA
AAATGGTCATGTTTGTATTTTGATAACTTTTAGGCTGAGTTAGATAAGTTCACAACACAGTTTCTCAG
TCGGCGAGGAGTCTAGACTGGACATTAGATTAAGAGAAAAATGATCTTTTGAATTATACATTTATGTT
GGTATGATGATTAGTCTATCATAGGAACTTGAACTTTTATGTGGCATACAAGTTCTGAGTAGAAGGAG
TGGAGGACCTTTAATCAATGGTGAAGCTATCGTTCTTTAGTTATAATCATGTTAATTTTTTTAACATA
TTAGCTTTTAATTTGGCAGAAGAGTAATAAAAGTAGTAGTTTTCCCCTAGTTTTTCGTGTGAAACATA
TTGTCATCTGTTCCAACTATAAACATGGGAATTAGTATGTCGATCTTGTGTTGTATTTGCTAATAACC
CACTATGATTACATATAGGTGAAGAAGAGGCCTTCTGTAGATTTTATGGATAGAGTCCAGAAGGACAT
TAATGCCAGCATGCGGGCGATCCTTGTCGATTGGCTGGTCGAGGTATTAGATGGATATATTTAACCTT
TTAAACAGACAAAACTATTAATTGATCATCTTATTAATCTTTTAGTTCATTTTATATTTAGACTTTCT
AACTGGACTTTTGATGATTACAGGTATCTGAAGAGTACAGACTTGTCCCCGATACTCTTTATCTGACA
ATTAACTACATAGATCGATATCTTTCTGGGAACACTATGGATAGGCAAAGGCTACAGTTGCTAGGTGT
CGCCTGTATGATGATTGCAGCGTAAGACATTTTAATATTAGTCCTTTTATAGAGGTTCATTTCCTTAC
TATGTTTCCCCAAAAGATAAACTGTTTTTAACAAAAGGTTTTATTTCAGAAAGTACGAAGAGATTTGT
GCACCTCAAGTTGAAGAGTTCTGCTATATCACTGATAACACATACATGAAAGATGAGGTCAGATGTTG
TTTCAATTACTGTCCTGAAAATATCTGAAAAACTTTAGTTATTGTTTATAGTTTCATTACGTATCGCA
TAAGGGTCTAAACAGTAAAGATTGCAGGTTTTGGAAATGGAGTCAAAAGTTCTGAATTTCTTGAAGTT
CGAAATGACAGCTCCAACAGTCAAATGCTTTTTAAGGTAATTATTGCTCATCATTCGGGTCTCGATTA
CCTTACCTTCCAAAAAAGGGACTCGTATCAGATATGAAAAATTGACTTTTATTTCACAACTGACACCT
TGGTATACTGAAATTTGCATTTTAGGCGATTTGTTCGTGCTGCCCTAGCAGTAGATGAGGTATTATCA
TCGTCTTGGTTACTTACTCTGTCTGTTCTGTATAATCTGTTAGTTACAATCTAATATCACCGTTAGAA
AGTAACTAATAAATCGTGTTTTTTTTTCCTTTTTGTCTCCCAGTCTCCACAGATGCAACTAGAGTGCT
TAGCCAACTATATAGCAGAATTATCACTTATAGAGTACAACATGCTTTGCCATGCTCCCTCTGTTATT
GCCGCTTCAGCTATTTTCTTGGCCAACTACATCCTCCTCCCCTCAAAAAGGCCTTGGGTACGTGTTGG
TATTTCTATTTTGTTTTCCGTGCTTATAATTCAAACAAGTTAATTTTTTTCACTGGGAAATGTAATTG
GAATTTTAATGTTCTTCAATTTGTACGATACAGAGTTCGACCTTGCTGCACTACACATTATACCAACC
GTCGGAGTTAAGTGACTGCGTTAAGGCACTGCATAGCCTTTGCTGCAACAGTTCCGCTTCTAGTTTGC
CTGCAATCAGAGAGAAATATAGTCAACACAAGGTAAAATATATATATATATATATATATATAACGCCA
CAATTACATTGATAATATATAGAGCTTTTTTCTTGTTTGGACTGAGAACTTTGTGGTGCGCGCTATAG
GTTTGCGCTTTAAAAAAACTGAGGTTTTAGTGAACTGTTCTGTTTTCTTGAGCTTTTTGATCATCTGT
AGATTACGATCCCAACTTGCTGTGTAAAGCCATAAATGTATATAAAACAGTGCTTTAGTAAGGCTTTT
ACCAAATATCTCTTTTGAAAATCCTCTTTTTCATTAACCTTAATGTTTTAAATATGGCTGTATATACA
TTACTGCATTTTTCAGAGCTTAGTTGATGTTTTGATGACCTTTATCTAATTGCTTGTTAATTCTTTTG
TGGATCAGTACAAGTTCGTAGCGAATAACTATTGTCCTCCCTCTATACCGTTGGAGTACTTCAAGAAC
TTGAGCTGAGGAAGAAAGGTGCCATGCTCCAATTTTCCGTTGGATGAAATGAAATCTCCTTTTATTTT
CTGTAGGTTATGCCTTTTGAGATAAAAAAATATGTTGATAGTTTTTATCTTTTTTCTTCTGTTGAATG
TTTGTAAAGTTTGAATTTTCTGACTTTGGTAGTTTCTTTCATTAGCCTTCCGTGTACTTGTGCTTTTG
CTAAATTTCAATGAGAAATAAGAAATTCCCAGAGGTACAAATCAAATGAAGTTTTATTTGGATTCTGG
AGTTAAGTTGCAGAAGTGGATCTGTTTAAGGTTTTGAAAGTACAATAATATTACGGGTAAAAGGTCAG
GAACCAAAAACGACATGACTGCGATTTTAGTTGATGCTCGATTGCTAAAGATATGTACCTTAATCATT
AGGCGTTGAACAATAAGTAGCATTTTGGATGCTCAATCCCTTGCTACACACATCTATTGACATGCTAA
TCTTATTTAAATGTTCAATTTGGTTCTTTA 
 
PvG43 (+/+) 
GATTTTAATTCTAGAGTACCTAACTTATAAGCTAAATACTAATGAGCTCATCTCTTTGAGTAGATCGA
ATAAATTTAAAATCATGAAATGGAACCACGAGTAATACAATGTCACACAATATGGCTTGGTGCTTGGT
GAGGATTTTATTGTTACAGTGGTAGTAACATATATAGATATCATATTTCCCCCCACGAACCATTATAT
ATAGCCCCCTCCTTGCCCATTGTTTTGTATACCTACATACTTACTATCAAGTCCTTGAGAGCTCTCAT
ACACACACTTTTCAAGTTTATGTCTTGAAAATCCATTTCGGTTTGTTTGTTTACTAGCTATTCCTCTC
TTGAAGAGTGTGACAATAGTATTTAAAGTACTGAAAAACAGTTGGGAGAACACACACACCCCTTCTTT
TAAGTGTTAAACGCCAAGATTTTTTCTCTAAATTCTCATTTTTGCATCAAAATTAACTAAATATCTAT
TTTATTTCTCCTGTTGATAATAAAATGGGAGAAAACAAGAGGCAGAGCCACCACAACCACCACCAAGT
GTTCGATGTGGAAATTGACTTGGCTGGCGGCGGTGGTGCTTCTAAGTGCTTCGATGATGATGGTCGCC
TTAAAAGAACAGGTATATGTCTATCTATATGTATATATAGTTTATCGGGAAATCTTTTCTATTCCAAG
TAGATGCTGTAAAAAAAAAACACCTAAACACTGTTTCTGGACTTGGCTTGTATTCACGTTCTTGGTAA
TAGCACATTCAAAATATCCATTTTCTAGAAGAAAGCATATAAAAAAGGAAATTTGCACAGTTGCACTT
GCCTTGAATATCTAGAATGAATACATTTTCTACTTGCAGTTTAAGCAGGGTTATAAATCGCTACATTT
TATCACGTTTTTCTCATTTTTTTAATACTCATCATTGATATTCAATCAAGACGGGCTGAAACAATTAA
GATTAACGATGATAAAACTTGAATTTTAACATTATTCTTTCGGTTTTTTAGGGAATGTTTGGACAGCG
AGTGCCCACATAATCACCGCAGTCATCGGGTCCGGGGTTTTATCTCTGGCTTGGGCCACGGCCCAGCT
AGGATGGGTTGTGGGCCCCACAGTAATGTTATTGTTTTCCTTTGTCACTTATTACACATCCACCCTCC
425 
 
TCGCCGCTTGTTACCGCTCCGGCGACTCCCTCATCGGGAAAAGAAATTACACTTACATGGATGCTGTT
AGTGCCAATCTCGGTAAATTCCTCATTTTTTGAAACTTGTCTTTACTTTTGATAAAATAAGAAAACCA
TAACTTGGGGTTTTATCAACTCTTGTACATGTATTATGATTTTTTTTCAATTTTGGCCCCAGAATTCT
GATTTGTCAGTTCCATACTCTGAAATAACGCTTTTGCTTGATTTGGACAAAAATGACAGAAAACTTGC
ACATGCAACGCACATGCTAATATATAACTCAAAACTATTTTACATTCAAGCCTATTTAGACTTTGCAA
TGGTTTAAACTTTTTTAATGTAAAACTAATATATAACTATTATTTCATAAATAAATGTTATACGAACA
AAAATATATATTTACAATCATTACTCGTAAATGCAGTATAATTTTTATATTTTTATAAACTTTTAGTA
TACTTCTAAATCATGTATTTATTGTTATTACTATTTTTTCAAATATTTTAATTATTATTAACTTATAT
TTTATATTGATTTATGGTAAATGTTAACCCATAAGGGCGTTTAGGTAAAACTCCTAAAAAAACAAGCA
TGTGTTTTGCACATGTCTGTTTGTATCTGCCTAAATAGGAGAAAAAACATGAATTGAGAGTACAAGAT
TGAAAAAACGTCGTAACATGATAAAACCTCACAACTTAAGACTTGATGTTTTACATATGTGATTTTCA
GGTGGGGCTAAGGTGAAGCTATGTGGGCTCATTCAGTATTTGAATCTCTTTGGTGTTGCTATCGGATA
CACTATCGCATCATCTATAAGCATGATGTGAGTATTCAACTCTAAAACTATAAAATCTACCTAAGGCT
ATTTAACCTGATATAAGTGAAGGTGCACCATTTCGTAACAATCATTTTAATGTATTGAACAGGGCGAT
TAAGAGGTCGAATTGCTTCCACAAGAGCGGAGGGAAAAACCCATGCAAAATATCAAGCACACCTTACA
TGATCTCATTCGGTGTTGCCGAAATCCTTTTATCTCAAATTCCTGATTTCGACCAAATATGGTGGCTC
TCCATTGTCGCCGCTGTCATGTCATTTACTTACTCTACCATTGGTTTGGGACTTGGAATCGCCAAAGT
TGCAGGTTTACTGCCGGTTTTACCTTTGCTTCCTATTTTTTCTCTTTTAACTAAGCTTGCTTTTCTAG
GTTAAAATGAAGCTAATTTTTATTTTTTAAATTCAAATCAGAAAGTGGAAATATAAGGGGAAGTCTCA
CTGGAATAAGTGTTGGGAGTGTGACCGAGACTCAAAAAGTATGGCGGAGCTTCCAAGCACTCGGAGAT
ATTGCTTTCGCTTATTCGTTCTCTCTCATCCTTATTGAGATTCAGGTACATTAGTTTTAGCAATTTGA
GAAAAATTATACGTGTGTTCTAGCAATCTTCTAACTTCTAAGATAGATATCTACCACATAGATTCATA
AGATAATATCTAAACTAGTTTAAACAAGATATGCTGTAAGTTATAAAAACCATAACATTCATATTTTT
TGTGTGTGCAAAAACAGGACACAGTCAAATCGCCACCATCAGAGTCCAAGACGATGAAAAAGGCATCT
CTAATTAGCGTATCCGTAACAACCATATTTTATATGTTATGTGGTTGCTTCGGATATGCTGCTTTTGG
AGACTCATCCCCTGGAAATCTTCTTACCGGGTTCGGATTTTATAACCCATATTGGCTTTTGGACATTG
CAAATGTTGCCATAGTGGTCCATCTTGTTGGCGCCTACCAAGTCTTTTGTCAACCCTTATTCGCATTT
ATCGAGAAATTTGCTTTTGAAAAATTTCATGAAAGCAAAATCATCACTAAGGAACTCCAAATCCCCAT
TCCCGGGTGCAAACCTTTTAAGTTAAACTTTTTTCGATTAGTTTGGCGAACAATTTTTGTAATCACAA
CTACTGTTATCTCGATGCTCATGCCATTTTTCAATGACGTGGTGGGGATTCTGGGGGCATTCGGATTT
TGGCCACTAACCGTGTATTTCCCGGTGGAGATGTATATTGTGCAAAAGAAAATACCGAAATGGAGCAC
AAAATGGATATGCTTACAGATTTTAAGTGTTACTTGTCTCATTATATCTATTGCTGCGGGAGTTGGGT
CGTTTGCCGGTGTCGTTCTTGATCTCAAATCGTATGCGCCATTCAAGACTAGTTACTAATTCAGCTAG
CGAAATTATCTACTAAGTCGATGGAAAAATGAATGGTGGAGTTTTAGTTATTGTTTGTTTATAAGCAC
CCAAGAAGGGTTATGTATCATGCAATAATTCATATTGCTTATTAGTGTTTATGATAATGGAATGTACG
TATATGGGTAATGGTTGTATTTGTAATCAGTGACAATTTTATATTTTCAAAAGCAAGTACAAGTTTGA
CTGATCTTATAAATTACTTTTTCAATTTGACATTAGATAGAGGTGAATAATGTGTACGTTTGATTTTT
CTCATAATATGTCACGTTCAAACCATAGACACTTTTATAAGTGGGTTGGAAAGTAATTACTTAATTAT
TTCCATGTTATTAGTTACTACTTCAGTAAATTTGTAGGATGCATGTAATAGATGGAGATATTTAAAAT
AAGTGTCCAAATATTTTATCCAAAAAATTTACCCGCTCATGCTACCATCACATGACTTGAATGCAAAT
AGCACGCAAGTG 
 
PvG44(+/+) 
ATTGCTTGCATAGCTTAAACTAGCATTAAATAGTTAACTAAATTGTTTAGTTATAAAATCTACTAATT
AGCGTTGTTAATAGCTCAAAGTTTTTATTCCGCGAAAATCGTACGTAAACCTTATTCACCCTCTGTCT
AAGGTTTAGACACTTACGGGCCAACAATTGGTATCAGAGCCTAGCTCTTCTATTTATAAAATCTAACG
ATTTTTAGTTTAAAGATCCGTTCTGTATTCGTACGCTGACTCAAAATCCATAACTAGGCCCCCGTTCT
TTGACGGTACAAACTATCCCTATTGGAGAGATCTTATGAAAATTTTTCTATGTGGTTACGAAATAGAC
CAATGGATTAGCATTAGTAAATGCTATAAAACGCCTAGGAGAAATGNNNNNNNNNNNNNNNNNNNNNN
NNNNNNNNNNNNNNNNNNNNNNNNNNNNTTGGTATCAGAGCCTAGCTCTTCTATTTATAAAATCTAAC
GATTTTTTTGTTTAAAGATCCGATATGTCTTCATACGCTGACTCAAAATCCATAACTAGGCCCTCGTT
CTTTGACGGTACAAACTATCCGTATTGGAGAGATCTTATGAAAATTTTTCTATGTGGTTACGAAATAG
ACCAATAGATTAGCATTAGTAAAGGCTATAAAACGCCTATGAGAAATGGTTTAGATAAACTCGTAGAA
GAACTCGACACGGATGAACGCCATGCTTTTTCTCTTAATTATAGAGCTATGACTTCTATAACTTGTGT
GCTCTCGCCTAGTGAGTATGATAAGATTTCTGGTTGTGATACCGCTAAGTAAATGTGGGATAAGCTAG
CTATTATGCACGAGAGAACTAGTCAAGTTAAGTACTCTAAAATTAGCATGCTTATTCATGATTATGAA
CTTTTTAAAGTTGATGATGACGAGTCTATTGCTTCTATGTACACTCATTTTACTAAAATTACTAACGA
TCTTAAAAGACTTGAAAAAGTTTATTCTAGCAAGGAGTTGGTGAAAAAGATCCTAAGAAGTCTTCCAA
GAAAATGGGAATCAAAAGTGACGAATATACAAGAAGCCGAGGACATGAACACTCTTTCTCTTGACAAC
CTCATAGGATCCTTAAGCACTCATGAACTAGACATGACAACTCGAAAACAAGAGGATGACTCGAAAAA
GAAGAAAGGCACCGCCTTCAAAAGTACAACGAATAACGATAGCGATAACAATTCCTCTAGTGAGGATG
426 
 
ATGAAATGGCACTATTCGCCAAATGCTACAACAAGTTCCTAAGTTGGAAAAAGAAGGGCGGACAACGA
TTTCGGAAAAAAGGAATATAAGGGAGAGCCATCCGACAAATCGAACAAGAAGGACAAAATTATTTGCT
ATTAGTGTCACAAACCCGGTCATATGCAAAATGAATGCCCCTTGAAGAAAAAGGACAAGTTCGAAAAG
AAAAAGGAATACAAGAAGGCATTCATGGCCGCATGAGGGAGCGATGATGATAGCTCCGATAGCGACAA
TGAAGAAGTCGCAAACCTATGTCTCATGGCTAGAGACGACGAAACCGAGAATGTAAGCTTCCACTCCT
CTAACTCTTCTCTTTCTAGTGATGGTTGTTTTGACATAAATGATGTGTTAGCTTCTTTAGAAAAAGTT
AGAGGTAAAAACAAATCCTTTAGAAAAATGTTAATTACTTTACAAGACGAACTTGAAAACTTAGCTAT
AAAAAATTACTCACTCACCTCTAAAAATGCCGAACTTACAATGGAAAATGATAAGTTAGTAAATGACC
TTAGTTCATGTAAACTTAAGGCAGATAGCGCCGAACTTACTTTTGATAAGTTCACTAAAGGAAGTAAA
ATATTAAGTATTATATTAGTTTCTCAATAAGGCGCGTATGATAAAACCGGTGTAGGGTACAACCCACT
TATAATGGCAAAGCATAAAAATCTATTCACCAAACAAATGACTAAAAATGAAAATAAACGACCAAATT
ACTTTCGTAAAAAAAACTTGCATAAAAATGACTTAGTTTATAATCGTTTTGTTAAACCAAGTGTGCAC
GTTAAATGTCTTACTTGCAGCCGTTGTGATCACTTTGAGGATTATGTCTATTGCCCTTATAGATATAA
ATTAAATAAAAATGACTTGGTTTGGATTTCAAAGGGTCGAGACACTAACCCTCAAGGACCCAAAAGTG
GATTAGGGTACCAATGATNNTTTTGTTTTGTAGGTATGCTTGAGGTCAAAAATTAACGAGGACAAGTG
GTTCTTGGATAGTGGATGCTCAAGAAATATGATGGGAGACAAAACGAAATTTACTACTCTTGCACCTA
AAGACGGATGCTTTGTAACATTCGGGGATAATAGCAAGGGTAAAATCATCGGTATTGGTAGTATTTCT
AAACTATCAAATGTTATTATTGATAATGTATTGCTTGTTGATGGTCTTAAACATAACTTGCTTAGTAT
AAGTCAACTTTGCGACTTGGGTCAGAAACTCATTTTTGAAAAATCGCATTGCATCATTCATTGTATTT
CAGAAAATAAAACTATTCTTATGGGTCAAAAACAAAATAATGTCTATATGATTGATTTGAATAGTTCG
GTGGATAATGAGGTCAAGTGTCTTATTATTATCAACGACAATGGTTGGTTGTGGAATAGAAGACTTGG
TCATGCTACTCTTGATTTACTCGCTAAACTATCTAGAAAAGATTTGGTAATAAGTTTACCAAAAGCTC
CCTATAAAAAGGACAAACTTTGTCACGCTTGCCAATTAGGCAAACAAACGAAGATTTCTTTTAAGTCT
AAAAATATTATTTCTACTACTCGTTGTTTGAAGCTCATTCATATGGACTTAGTTGGTCCCTCCCGGAC
ACTTAGTCTTGGAGGGCGTGCATATGCATTCGTCATGGTTGACAACTTTAGTCGTTTTACTTGGGTAT
TGTTTTTAACTCATAAGCATGAAACATTTAGAGAATTCTCTATTATTTGCAAAAAGCTCCAAACACGA
AAGGGTTATATGATTAAAAGTATCCGTACCGATCACGGTAAGGAATTTGAAAATACTCCATTTCAAAC
TTATTGTGATGAAAATGGTATTGATCATCATAATTTTTTGGCCCCACGTAACGCCTCAACAAAATGAG
GTAGTAGAGAGGAAGAATATAACCCTAGAGGAAATGGCACGAACCATGATTTGCAAAAATAATGTATT
TTTGGGCCGAAGCCGTAAATTCCGCTTGTTATATTTTAAATATAGCCTTAATTAGGCCCATATTGAAA
AAGACACCTTACGAATTATGCAATAAGCGAAAGCCCAATATTTCTCATTTACGTGCATTTGGTTGCAA
ATGCTATGTTCATAATAATGGTAAGGATAATTTAGGAAAATTCGATGCTAAGTCCGATGAAAGAATTT
TCATCGGATATGCTATATCGAGTAAAGCGTATAGAATTTTTAATAAAAGAACTTTGTTGGTGGAAGAA
TCGGTACATGTCTCTTTTGATGAGAATTTACCGACTATTGATAAGCCACCAATTGTTCACAATATTGA
TGATCATATTTTTCATAATACATCTTCTTCTAATCATGTTACATCTAGTTTAGAGATTATGCCTAGTA
TAGAGGTTGAACCCGTTGTTGAAGAAGTCACTATAGAGAGACTTCAAACGGACCTAGAATCTAGTATA
CACACTCATGAGGATTTGCCTCAAGAATGGAGGTTTGCCAATAACCATCCGCAAGAATTAATCTTGGG
TAACCCGGGAGAAAGAGTGCATACACGTTCTTCATTAAGAAATTTATTTAATCATCTTACATTCTTGT
CTCAATTAGAGCCTAAGAACATTCATGAAGCGGAACTCGATGAGAGTTGGGTATTGGCTATGCATGAT
GAATTAAATCAATTCGAGCGTAGTAACGTATGAATTTTAGTTCCTAGACCGCGTGAGAAAACCATCAT
AGGTACGAAATGGATATTTCGTAATAAGATGGATGAATCNNNNNNNNNNATTAGAAATAAGGCTAGAC
TAGTGGCTCAAGGGTATAACCAAGAAGAAGGCATCGATTTCGATGAAACTTAGGCACCCGTAGCTAGA
CTAGAAGCCATTAGGATGTTGCTTGCTTATGCTTCTTTTAAACGCTTTAAATTGTTTCAAATGGATGT
TACAAGTGCATTTTTAAACGGTTTTATAAATGAGGAAGTTTATGTAAAACAACCACCCGGTTTTGAAA
ATCATGAGTTTCCCGATCATGTTTACAAACTTCAAAAAGCTCTTTATGGTTTAAAACAAGCACCCCGG
GGTTGGTATGAAAGACTTAGTAAATTTTTGATTGCAAAAGGTTTTTCTCGTGTTACTTTGGATACTAC
TCTTTTTNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNAAAGACATGCT
TTTAATTCAAATATATGTTGATGATATCATTTTCGGTGCTACTAATGCTCGCATGTGCGGGGAGTTTT
CTAATTGTATGCAAGGCGAATTCGAGATGAGCATGATGGGTGAACTTACCTATTTTCTTGGATTGCAA
ATCAAACAAACTAAGGACGGAATTTTCGTCAATCAAGCCAAATATACAAGGGACTTGCTCAAACGGTT
CAACATGAGCGATGCAAAATCGCTAGAAACTCCAATGAGTCCGGCAACAAAACTAGACAAGGATGAAT
AGGGTAAAAGCGTGGACCAAAAGCTATATAGAGGTATGATTGGATCTCTCTTATATTTAACCGCAAGT
AGACCCGATATCATGTTTAGTGTTTGCTTGTGTGCTTGTGTGCTATGTATCAATCTTGTCCTAAGGAA
TCGCATGTGATAGCCGTTAAGCGCATATTTAGATATCTTATAGGTACATGCAATTTAGGATTGTTTTA
TCCACATGATACTACTTTTGACTTGCTTGGGTATTCCGGCGCCGACTTTGCCGGTTGTCGTTTAGATA
GAAAAAGTACTAGTGGCACTTGCCATGTTTTAGGAAACACTTTAGTTTCTTGGCATAACAAGAAACAA
AATTCGGTTGCACTTTCTACGACGGAGGCGGAATACGTTGCCACGAGTAGTTGTTGTGCGCAAATCCT
TTGGATGCGTCAACAATTGAATGACTTTGAATTATCTTTTGATAATGTGCCTATTTTGTGTGATAATA
CTAGTGCAATAAATCTTTCGAAAAATCCGATCCAACACTCTCGTACTAAACATATAAATTTACGACAT
CACTTTCTAAGGGATCATGTTCAAAAAGGGGATATTATACCTGAATATATAAGTACCGATAGGCAATT
AGCCGATATTTTTACAAAACTCCTTAACGAGAAACAATTTTGTTTTATTCGACGAGAGTTAGGCATGT
427 
 
TTGATGTGTGACTTGTACATATATATATATATATATATTTGATTGATTTTATATATATTTGATTTATT
TTATATATTTTTTTTTGCCAAATCAGTGTCGAAAAGTACAAAAAATTCTTGTTCTGTATACTGATTAC
AGACGACCGGTCGACTGTATAGCGCATCCACACACTAAAGATGAAAAGGAATACGAAGGATATATAAA
ATACACCAATTACACACACTAGTTCCATTAATTAACGACTTTACTATTGAGAAATGAGAATACTGAAA
GAAAAACAAACGGATTCGACCTTTTATATATATATATATATATATATATATCATACTAGTATAATAAG
TTAATTCAAAAATTCTGAGGCTATCAAAAAATTTCACTTTTTTTCAAAAATATCTCTATACATTTTTA
TTAATTACAATAATATCATACTATTATAAAAAATATAAAAATTAAAAACTAATAACACTATTTATCAC
TCTTTAACCACTCAGAATATTTCA 
 
 
PvG45 (+/-) 
TCTGGACGAGTTGATTGTTGCAAGTTGTAACAGACATAGCACTCTTGAAAAGAAGTAAAAATCGCAAT
AGAGTTAGTTGCAGAGCTACAGCTCAACTGTATCTTGCAAGTTGGCTTGAACGGGATTGTTATTTTCT
TACACAGCTCAACTGGTTTCTTCCATTTCCACTCTCTACACTGGTTACGACAAGAACTTCAAAGAAAA
AGATGAAAATGCAGAATATATGAGCTTTATAAATTAGCCTTTCGTGATTAGAAACGACGTGAAGTAAC
ATATGAAATCTCCAGAAATTTGTTAAGTTCTGGAAACACAAATAAGACAGATCCGTGTTTCTATGCAC
TATTAGCTTTACATACAAGTATATTTCCTTTCTATACAGCTTCTATACGTATTTGTACATGGAAATTA
TATACAACTTCAAAAAATTTAGATGAAGTATTTTGAAGACAACTTGCTTAAAATTCATTTCATTTTAC
TCTCTTTTCACAGAAAAATGATCACAAGGCCTTTTGATCCATTCTTTCGTTCCAATTGAGGCAACGAA
TCAAGCTGTGGAACCAGTCCCCTGTTTGGTCAGCTTTATTTACAGTAGGAAGAGGGTGCTGACTCATC
GATATTCGAACTGAATCCCCTCTGGAGAGTTGTTGTCGCCTTTTACCATCGAATGACACCCATGCATT
GCTTCTTGCATCTGCTGGGATCTGTTGCAGATAAAGAGAAAAAATGAAATCAGATCAACAATTTCTAC
TAATCACCTAGGCCCTCTTGAGCTTTCAAGGGTATAGTTAGCGAGTTCAAACTTAAAAATAAGGTGCT
ACTAAGCCGTAAAATATAATTGTCAATTGTCACCATCAATTGTCACCATAAATTGTCAATTGTCACCA
TAAATGATAGCAGAGCATTACAAAAGATAATAAAACTCATTTGCTGAAAGTCTTAATACTTCACTTAA
AATAGTTCTAAATGCTGTTTTAGTACTATATGAAATTGTCAATTGATATTTAGAACTATATGAAAGAT
AGAAGAAAAGGATGATAGCAGAGCATTACAAAAGATAATAAAACTCATTTGCTGAAAGTCTTACTACT
TCACTTAAAATAGTTCTAAATGCTGTTTTAGTAAGACTTTCAGCAAATGAGGATGATAAACAAATCTT
CCAAGAAACAGAAACAAATAATATCTTGCATTTGATCTTTTTTATTATTATCAGCAGCATCCTCCTCC
TCATTGTTACTACTATAATTCTTCTTAATATTATAATTAGTACATTATTATTACTTTGTAGGTGTACT
ATACTTTATTTTGGTACTACATCTACTTTCTTATTTTTGGAAAGCTAATAAATCAAAATACTCATTTT
GGAATCATTCCAGGAAACCACTTCATAGAAGCTCTTTCGGGGTTCTTCAGAATTACAGGGTTATTTGA
AAATCAACTTTGAAAACCTAATTTTAAAGGGTGAGTTGGTGTACCTTTAATTCTAGACGTGCAGAATC
AGGAAGTATAACAGGCCTAAAGGAAAGAGAGTGCGGAGATATTGGTGTGAACAGCATGCATGGGACAT
TTGGATGTACCTGTACATGTAACAAAACCCATGGCTATATTTATTAAGATTATATCCAATACCGGTGA
AAGGCCAGAAACACCCACAAAAGGATGTGAAAAACAAGAAAGCAAATACAGTGAGTTTTCGCACTCAA
AATGATATCGAGCTCTTGTAAGGAATGCACCAAAATAAGAGCAATTTCTCAGTGTCGAACTCAGAAGC
CGCACAATTCAATATCACAAGCATAGACTAGCACTCCACAAAAGGGAAAGAAAAAGTTGAGCTTAAAG
GCCAAAAAAAAAAAAAAAACTGTATTTGAATCTTTTTTGTTTAAAGCTAGGAAGTAGGAATTCAGCTT
TATTACCACTTCATCAAAGGATATACCGTCCTTTGCCAAAGAGACCTTCTATACTATGAAATTAATGC
AGTCTACATGACTTAAAACAGCCTCCAGGATAAGGCACTTACACTTTTTACCAAAAATACCCATTGGT
GATAAGCACTTTTTTTTACCAAACATACTCATTGCCAAAGCAAGAGAAGCAAGTTGTATTTACCACAG
AGTAAAAAAACAATGTTTTCCTCTTTTTCTGGCAAGTAATAAAAATAATGTTTCTTAGCCTCTCCCAG
AGTAAGAACAACTTCCCCTATTTCTGGCATTTTCTGCATTTGCTCAAGAAATAACTTGAAAATTAGAA
AACATCGCTACACATCCTAGAAACAAAACTAAAAGTTTTACTAGGAATTCAGTTTAGAATTTGAAACC
TAGAAAGAAGAGCAAGTGAACATAGATTTGCTCAAGTAATAAGTAGAAACACAGAAAGCTTCAAACAG
ACAAAAAGGATGTGAATCTAATAAGAAATGAAAGGACCTTACCATGGAACCGCCTGCGGCTGTAGAAT
AAGCTGTACTGCCAGTTGGAGTGGCAACTATCACTCCATCTCCTTGCACCTATAATAAGTAATTATTT
ATAAAATATCAAAAGAGTATGTGAATAATCACAGAACACAAGACGAGACAGAAAATCATTCAAGAATC
AGCACAAAAATTTTGTGATCTGGATTTAGTTTCTGTCAGCAGAACTGGCAGAAGAGCTAGTTCTGAGA
TTTTAAGGACATATAATTCAATACTAATGATTGAAATCTATAAATACTTACAAACAGTAGGAGGCAAG
GAGTGAGGCCTTTTAAGTTCAGGCGATTAATACCGATTTAAACAATTACATTGAAGTGTACCGCTGTA
CCCTAAAGAACTTTGTGCTTCATATTTGGTTAGGCTACTTGTCTTACTATTAGGGTAGATGGGATAGA
TATACGAATGATTTCTTTTCATTGATAAGATAACATACATGAAAGTTGGACGGCAACGTCAAAGACAA
AAGGGAATACTTAAATAGTTAGAATAAAATACGAAGCTAACATGAAACTATACATCAAAGGTGAAATA
AAAACTGAAAAATTTGGAAACAGACGAAGTAACCCACATTACCTTGGTTATAAGCCGGTCATGTTCAA
AACACTCGATTTTTGAAAGATACGGATTGGACCCTCGATCAACCACCACTTCATTGAGCACATCAAAT
ATTTTACCAGGCATCGCTTTTCCCTTTCGAAAAATCTCACACCGTAATCGCATTCGTAAAGTAATATA
TACGCCTTCCATTGTATTATTTCCATGTATGACTTGTTTTAAGTCCTTTCTGTAATCTTCAAACTAAA
ATAAAAGAGAAAACCAACTTAGTGGAAAGATCATTATACAGCTTGGGAGATAAAAAACAGTGAAACTG
CAAATAACCCCCATCTCTCTTGGGTAGTTAGCAAATAGCCGCACATACTTCAGATAATTGTAACAAAC
428 
 
CCTCATGTTATCTGTAAGGTCTGCAATCAACCCCATACCCATTATAAAAAAATAGAATAGCTTTGAAA
TCACTGGTTCATGATGTAAGAAACCAAAAACAGATTCCGGCATCATTTTTTTTGTAAAAAATTAATTT
CTGCTTCTGTAGACAATTTTGTTGGCTTGAAACTGCTGTGGAGAACTTTTTTCTTTAACTAGCTATTT
TATAGGCATAGATATTAACAAGAAACATGTAGGTCCATTACATACACAGGATTTAATTACAAATATCA
AAAGTACGTGGAGGTTATTTGCAAAACATGTACAGTAGATGGGGGATGTTTGCATTTCCAAAAACTCT
GAGAAAACAACATACACTATGAGAAGTAAGAAATCCAAGGGATCCAAGGTTGAAGGACACAACAGGAG
GAACAGAACCCCTAAATAAGTTTGATGCATGTAATATAACACCATCTCCTCCCAAACATGCCACAAAG
TCCACCCTCTCATGAAGTTCGCTACAATAATCCCATCAATCAAAATCTAATCTATTAAAGGATGAATA
TAATTAAAGAAAAATAGTGATGCTTTTTATCTGTGTATTAAACCTGGTATCTTGACCATAAAAGGTTT
GCACGAACCCAAACCCTGGGATTCTTGCAAATATATCATGAATATCAGGTTCAACAACAACGTTCATT
TTCTCCTCATGATACAAATAAGACGCAACCTGCGGTAAGATTCACTTTGGTCAATATGAGACATGATC
ATTTACAAAACAAACCGATTACTAATTGCTCTAGACAAACATAGAAAGTGTTCTTATTCAATAAAGAC
CTTCGTTAAGTTACGCTATTACATACTCTCAGTGTCGAATATTTTTCTCTCTGATTTTTTCCTCACTC
AAAATTGCTTTCATTGAACTAGTGAATATGCATGGATAATCAAATAAGAGCGTGAAAGCTAGTCTATA
AGATTTCAAAAGTTCTTTATAATATTTACTAGGCAAGTTTAACACATTAATTTAGCTTCAATATAGCA
GTTGTGAAAGTCTTAAAGCTTTATTTCCCCCAGAATTAGGATCTTTTAGGACCCTAAATTCTCTTTTC
CAGTTAATGTTAATGCAACTTCAGGTGAAGTACAACCCGTTTAGTTCTAAAAGGTAAAGCACTCTTTG
ACTTTCATTAAAAATAAAAACCTTTTCTGTTGTATCTGGAAAATATCAAAAGAGTGGCAGAATACCTG
TTTAGCTTGTTCCATGAGTTCTTCGCCCAATTTCTTCAACAACAACACAGTCTTTGGTTTAGTTTTCC
ACATAAGCATTTGTTGTTGCGTACTAGGATGAGTAAACGCCAGTGAAGATTCGGTCACCTTCTCTCTA
GAACAAGAGAATCCATCTGTCCGTACTAGAAACATTTCTGCTTTTTTTCTCGATTGTATTCTCACAAC
TCCAGTTGCAGAAACACACATATCTCCTTCAATAAGCTCCAGCTCATCATCACTTGAACGTTTTGAAA
CCTCTTTATTTGTCTCCCATTTTTCTTGTATTTTTGAAACTTCTTTTTCCGAATCATAACTTGAATCA
AGTACTATATCTGTATGGCTAACTTGAGAGCTCGTAGGTTTAGGGGCAAGACTTTTATTGGTTGCTGC
TCCATTAGTATGAAAATTGATTTTTTCGTTATGTATCTTTTTCGGACGAATTCTTTTTGCGTAATTTC
TCTGTCGATAATCAAGGTAAACGGGAGGTGAGATCTTCCTATTTCTGAAAAACATGGACATCTCTTTT
CTTGAAAAAATATCACAAGGAGGTAGTTGAGATTTAAGAGGATCGACATCGAGAAATTCAGTTAAATT
TTCTACGATGTCACTGTTAAATGATTGATCTTTGGTGTAACTTTCGCTAGAAACCGCTTTAAGATAAG
CGCCATTGTTATTACCATTCTTAATATCATTGTCCAAGGACATCTTATCTAAATTAATCGCTGTTGAA
TTAGAACTCTTATCAATAATTTCTGATGAAAAGCCAACTCCATTGACAACATTTGATCCATATCGAGC
CATGTATTGCCTCCACCGAGAAACCATAGCAGTAGTTCTCTTAACACCTTCTTTACTATGTAAATAAA
CCGACGTTTTACTTGTATTGCATAAAATATTTGCAAACTTTTCGACTTGCTCCAGTGAAGGTACAGTG
CCAACTGCAACAGGAAGTTCAACCAGTTCAATTTTCCCAGATAAAATAGCATTATCTAACAACGATTT
GTAAAAACTATCTTCTATGGTCTCTTCTCTAAGATCTACGATCATTTGAAACCCCTTTTCTAATAGCC
AATTTAGACCCTCCTCAGTTACCTGGCTACCCATATAAAAAGCAACATCAGAATCTTCTCTCTCGATC
TCTTCTTCTGAAGTTGATACATATACAGCATTCCAATTCGCAAACAGTGTATGACAGGGATCGCCATC
TGCTCGTGGAAAACCAGAATCATAACAAACGCTCTTTAATCTTTGCAATTTCCTCCATATATTCAAGC
TTCGACCATCATCAGGTGATAAATATTTTTCAAGAGCAACATGTAAACTCTCGCAATACCTTTTCATC
TCACTCCTAAAAGCAGCTAGAGGGGGAAGCATTTCGTGGCTTACATCCGGAGCTTCGAAATTGTTTAA
TAATGAAGATCGGCCCGAAATAACGTCCTCTTTTCCTTTGTTTAAAAGACACACCATACAACCAAGAA
CAGATACTATTTTATCTTCCATGTCTTCCATTGGGAAAGTGTATGAAACAGTGCATTCACCAGTTAAA
GGATTGCATAATGTTTGCATTAATGCATTGTGTAATTGTTCGGCAGCTCTAAATATTCTACAGTAAGC
TTCAATTTCTGCAATATCCCCAGGAACTGGACCAATCCAGGTTAACTTTGACAAGTCGTGGGACTGAA
AATTCTTCAAAAATATAATATATTATCATCAGTTCATTGCATACACAAACTCTGGATTGTTATATTTT
TCTCAATAGAATCAAGATTGAAATAATAATTCTAGAACCACATAGTTTTCAAGCTATTCCTATTAAAT
AAACTATACTTATAGACAATTTGTCGTCTGTTTCTAAAATTAGTGTATCTTTTTGGAAAATTTATGAA
GTACGGTATTCAGATTTGTGAAAACGTGTTTCCTCACCATTTCTATTTTGAAAACCAAAAAATCATGA
TTCAGACACCTTATAGTCACTGATTTTTACAATCTTCTGTATCTATTAACTGCAAGCAGCTATTTTCA
AAGTAAACACTTATGGTAATGGTTTCAAACCTACAATATGATAAATCATTAATGAGAAAATTGTATAC
CAACGAATCAAAGAGAGTCTAGAATAATTTGTTTTTTTCAACTAAAGTGCAAAACTGGATTAATCTCA
CTTCTACATGATAGCCATGGAACAA 
 
PvG46 (+/+) 
AAACTTGTTTCCTTTTTCACTACTGGGTAGATCAAAGAGATCAGCAATGGTTAGAGTGTAACAAAACT
GAAGAGGGTTGAGGTTAAAACTTTTATTAATTAAGTTCTATCCAAAACTTAACTTTTCATCACAATAT
TTTCAAATAAAAGTTTGTTTGTTTTTGCCTTTGAGAGGGTAAATTACGTTATCCTTTTTTTCCTTGTT
TATATATGTTTTTCATCAGGTAAATCAAAGAGACAATCTTGACTAGAGGAATAACTAGTAAATATGAT
TGAGAACATGATCATGAACACATGACTACTTATCAAATTAATTTAGCTAAAAAAAAAATAATCGTTTT
CTATAACAACAGTACTTTAAAATGCATTTGCTTATGAGTTTTGTAGGGTTTTTGAATTTTTTTTTCCT
AAGTATTTATTTCTTTCTAGAAAATTGTCTGTGGTCTTTTATTTTATTTTTCTTTAGCTATTAAATTA
AATGAGTTTTTTTCCTCTTTAGTCATGGGTAGAAGAAAGACAGAGTTGAAGAGGATAGAGAACACCAC
429 
 
AAGCAGGCAAGTGACTTTCTCAAAAAGAAGAAGTGGCCTAATGAAAAAAACTCACGAGCTTTCAGTTC
TTTGCGATGCTCAAATCGGCCTCATTGTTTTCTCCAACAAAGGGAAGCTCTACGAGTATTCGAGTCAT
CCTATGAGGTCTTTTTTTATTTCCCTTTTGTTTTATATTTTTCTTTTCTGGCATTCTTATAAGTTTCT
TTTTTAATTCCCAAATTCACTGCTTTGTATTTTGTTACTAATCTTTTGTTAGTTTTAGCCCCCCAAAA
ATATTGCTCTTTCTTATATTAGTACGTATCACGATTCTTAATTTTTCTCCTTAAGTTCTACTTATAAG
ATTGTATAATCTTCTTTGAAGTTTGAAACTCAAGTCCTTTGCTTGCACTTTCTTTTGTGTAATTCACT
ATTAGACGTACTTTTGATACTTAATCATCAAAATGTCACACATCAATGTTTAAACTTTCTTAATGTTA
CTCTTAATTTTTATCTTGATTCTTAATTTTTCTCCTTTAGTTCTACTTATAAGATTGTATAATCTTCT
TTGAAGTTTGAAACTCAAGTTCTTTGCTTGCACTTTCTTCTATCATGCGTGAAATGGATGTCAATGTC
ATTTAACCAAGTAATTAATAACGGCACTCATATATGAATTTTTTTTCCATCTCTTTGAGGTTTTGTTT
TCCTAAATAATATTCATTTTCTTGGGCTCGTTTAATTTTTATATAGAATCAAAGTAAATATGGCTTTT
ACAATACAATACTTTTCTTTCGCAATGTACCATTTTCTGTTTATTTTGGTAAATTTCACATTTAGATA
TTTTCCAATACGATCATGGGTGTCAAAATATATAAATTTATCAATTTTAGTTATTTCCATCCGTCACT
CTCTCACAAACTCAAACCATTAGATACTTATTTGACTAACTTGAGTGATTTGACAAATATCTGACTGA
TCACTCATCACATGCTTAGTAATTATTGACAGTAATTACTTGACCAAATTTTCTGTCAATTTGAAAAT
ATTTTTTAAGAAAATTAACATGGTGCCTTTTCATGTTCTTCACTAGTAAGTGTAATAATAAGAATTTC
CAAATGATCCAGAATAAAGTAATTAATACTCTAAATATATGAAACCTTCACGTGTCACACTGGTTTCT
TAAAATAAGACCGTCACATATATGAAATTATGAACCAAAGTCTTGCAAACGTCTTGAAATATTTGACA
TTTATGTAATTGAATTTATATATGTCTTTTGTATTCCTACAGCATGGGGGAAATCATTGAGAAGTATC
TGACTGCTACAGGAGATTGTATACCAGTAAATGACAATCGGGTAATTTCTCTCAAGTTAAACTAATAA
TTGTGAACATAGTTGAGTAATTAACTTGAATAAGCAATATCTTTTTTGGTTTAGGCTCTAGTTCCCAA
ACTAACCAAATAGATGCAGGAGCAGATGTGCAGTGAGTTGCTGAAATTAAAGAAAGAAACTGATAGTC
TTCAACTAAGCCTGCAATGCTACAAAGGCCAAGATTTGGCGTATGTCCAATATGACGATCTCGCTCAG
CTCGAACATCAACTAGAGTGCTCGCTTAACAAGGTCCGTGCAAGAAAGGTACGTATTCCATACTATTG
GTTAGATTTTTCAGTTTATAACCATTTTCGATAACGATTTTATGTCTTTCAACGTGTGTTTTTCCTAT
AATTGACAAGGCACCTCCAAACTTGATCTTAAAAAAAAGGCACCTCCAAACTTTTAAAAGGTTTAGTT
ACATCTGTAAGATACTTAAACTTTGTTTTCTTAAATTGATAATTTTGAAAAATCAAAACCTTTAAATT
TCACATTATGTATATGACTTGGCTAGCTAGGTTTTGTAAAATAATTCTAGGTCCCATTTCTCACAAAA
AGGTGAAAATGGAAAGTGTCGTGTTGTACATTATATTTAGGGCTAGACCTAGTGACAACTAAACGAGC
TGTCAGTTAAGTCGTCGATCCCCGAATATAAAGAAAAGAAAATAATGCAAAACAACGTATTTTTCCCC
CTGAAGCAATGTATGGAATTAGAAACAATTTTTTCTGATGGTTTATTTTGTATTGTGTGAAAGTATTT
TGTGACCTTGTGAGAGACTTTATAATTTTTCTATGAAATTTATATTTTGGTATAGTATGAATTTTTCA
GACAAAGTTCTAAAAAGTCCAAAATATTGTGCAGAGTCGACCCTAGGTCACCATATACATTAAGTATC
GAAGTACCTGAGGTTTAACATTTTGTCGATTTAGTCTCAATTGTTTCATTTTTTAATCAATTGCACCC
ATTTCATTTAGTCATCAGTTAGGTCGTTTTATTATTTTTGGACCATTTCGCCTTTCAAAGGTTTTGTT
AAACTATGCTAACAATTGAAATAATTGAATTATCCTATGCTACATGTGAAATATTTAGAAAAAATCTT
TTCATCACCAAATTTTCAAACCCAAAAACCTAACACGTAATCTTTGTTGTAATTTTGAAAACTAATTT
TCATTTAATATATAATTGTTCCACGTAAACTGTCACATCAGCATGTAAGAGTTTGGGGTAGCTATAGC
AATACTAAAATATTTAATTTTACATCAATTGTTATCCAATATTTCATTTATACGAATAATATCATTTA
TAATCTAGTTATTCACCTACCAATAAAGATTCAGAATCATAAATTTATTTATATTATGTACTATATGC
ATAGGACAGATGCATACATATTCAACACTGTTTCACTAAACATTTACGTGAATATGAAAGGAGACTTT
TAAATTGATGTCTTGATAGAAGAAAAAATAGAAGATCATGGAAAGAAGACTTTAATTAATGAGTAATA
ATTTATCGACAAAAAATAATAATTATTATTTTTGTAATCTCGACAAAAAATAACTATATGGGACTACT
TAAGTTGATAAAAGGGTAAACCACGGGCTCGGGTTGTTTTTTTTATAGTTGCCCTTGTATTATTAACA
TAACCCCTAGACATTGTAAACAAACTTTATATGAAGGGGTTCTTCTTCGATATATTTATGCCCTTTTT
CTAATAGTTTTTGTTTGTCTGGAATTCTGCAGAATCAGCTCTTGCAGCAACAGTTGGACAATCTACAA
AAAAAGGTAATTTAACAATAAAACTTTCATTCAGCAAGTTTGTAACTACAGTTTCAGCCTGAAAACAA
CTTCGCCGTCCTTTGACAACTCGACCATCGAGTGTTGCTCGTTGATAACTTGTCACGACAAATTAGCC
ATATATCTAACCATGTCCACACAGAGCAATAGTTTTAACACGATATACATGTCGCAAAAAGTAAGTCT
TTTGTTGGAATTCACCTCAGTAAATGATACTTATGTGTATACTCTTGAACTTTTTCATGGTAAACGTA
GCATATACACACTCCATCTGTACAACTTAAAGATAAACACATCTTAGTTTAAACATTTCACATAAATT
TGTAAATGTACCTAGCTTGATTTTAATTGTAAATGTTCTTCTTTTTCTTGTACCAGGACAAAATGTTG
GAAAAGGAAAATCTGGAGATGTTTCACTGGGTAAGTGAAGTTTTATTTAATTATTTTCCAAATTCCTG
CATAAATGTGATACTGTTGACGCGCTAAGTACCATGTTATATGATAAAACTGACAAACTAAATGGTTT
ACATAATATCTTGATTATTAAAAGGTGAATTTGATTTTGTGCTTATAAAGTAATCACTTGAGGAAACT
AACTAGAGGTTTGAGCAACATGGAAAAAAAAACACGTTATCAATTTTTTTTGCCTAAAAAAGCTGTAC
AATTATGTTGGGATTATATACACTTAAAGAATATATAGTACGCAATGTCGCATACAGTTTTGCTGCCA
AAACAATTTAAATATTTGTAAATCAAATGTGATAGACTTGTTTATGATCAACATTTTGGTTGTTGCTA
CCCGAGAACTCAGCGAGATATATCTGTCACTGAAAGGTCAACTAGATCAATCCGAGTATGTAAGGAAT
AATGTTGGATATCAATCGATCATTACTCCATGCTTATCTTAGGATGGGTAAGAAAATACGGAGTACGA
TTCCATTGCTTTAGAAGATAGGCACTCTGATTATCTTGTAAGAAACTTACTTTTAGTATGACATAATT
430 
 
GGCATGAATTGAATGTAAGAACTAATTTGGAACATTTTATTCTTTTTCAATACAAGCCAAGTTTTATG
TTCAAACAATGATTTTATTAGCAGGGTTGGTTTATAAGTCAAAGTCATGTATGCAGCATCTATGTTCT
ACATTTTTCAGGTCATAATAAACAAAATCAAAACATAGTTTTAATCTGGTTAACCAATTGCATCGCAG
CTCACAAGTAAACTGAACACTTAAACATGACAGCCGCTGTTACAAAACATCCCCAAATCTTGGGATAC
CTAAATATTCCTTTTTTTAAATATCTTTCTTCTTGCGTTTGTAGCTAATTGTATATATACATTATTTC
GGTATAGTTGGCAGGTAACCAAGTTGAGAACCAGCACCAGCAGGTTATGACTGAGTTGAAGCTAGTTG
GAGATCAGCAACAACAAATGTTTATGGACCATTTCAGGTTCTTCGGCGAACAACAACAACTAGTGCAG
CCCAATGCTAATACTCACACTGGGTTACTATATCAGTCTCTCCAGCTCAACAACAGTTTCCGCCTTCA
GCCCGCTCAGCCTAACCTCCAAGACCCCAGTTCCTCCACCCTTGCCCTCCTCCAATCGTATGGTATAT
ATGATACATACGTATACGATGCATTTCAAGGGATTGTTTGGTTGCATCTTTCCCACTTAGCATTTTAA
AGTATAAATGCATACCTACGAATACGAAGCATTACGGTATAAATACTCACATCCGAATACGAATACGA
TTTGGTACATTTTTTAGTTGAAAAGGTCGCGACTTTTAAGACGGATTAACCTTTTTTGCAGACAAGGC
CATCTATAAAAAAGTTACAGAGGGTCGAGATTATATGCCCCAATGATATTAGATTGGTTATGATAAGC
TATTCTTAATATTGTTTGGATATTCCCTTCACTAATTAGTTGATGATTTGCAGATCAGTGATTATTCG
CAAGGAACATAGCGATGAAGCTTGCTGGACATTGTTAAATACTGGTGATACTGGAGAGAAATTACTAG
TTTTTTAGGTTTAAAAGTTCTAAAAAGAAAAAGCATATCATATGCAATACTTTCTTTATATCCATGCT
TGGTTTGCCTAGAGATTTGATGGTATAACTTTTATTTGGTGAAGTGTTGCCTAACTGCTTACTACTGC
CTGAAATATTGATGTTGCTTG 
 
PvG47 (+/-) 
CGGTTCAGGAACCAATTATTGAAGCCCATCAAAAGAACCTCGTAAGGGAAATAGAAATATAATACAAA
CCAAAGACTATGTTATGTCAATACACACTGAATGTTGGATAAATAGAATACAAACCAAAGGCTATGTC
GATCAATACACACTCGATGTTGGATACTTAACAAACTTTAATACTCCCCCTCACTTGTAACCCAACTA
AACACCCACTAAGTGGATAAAAACAAGTGATGGAATAAAACATATACAAATAAGAAAGCAACAATAAC
ATGCTTTTCATACCATATTATGGCCCATCTAATTCCCTTTAAATTGGCGTTATAAACCACAGTTAGAT
CAATTCACAAGCAATATAGAGATCCATCAACAAACTCTAGGTGCCAACAATAATATATTGAACCTTAA
CTCTTTTCTGCCTAGAAAAATAAATATGAAACTAAATTGCAAAGTCATTCAAAAGTGGAAGTATAGAA
AGAAAAAGATGAAGGGGCACCTTAGTCGGCATCACCAAGTCCATCACTTCCATCGCCTCTCTTGGATA
TAGGTGTGAAATTGGACTTTGGTTTCTTTTTTGACGAAGCCATTTCAGCGTTTTTCCGTAAGACAGCT
CCAGGGGATGGGTAAGGCCGCTGCTGAAATAGAGGACCCTGAATTTCATAGATAATATGAAATTAGAT
TCACACATACGGCGATTTCAACAAAACCCAGACACAAATAAGTAAATTAATATTTCTTTAAGCATAAA
CATAAATTTACAGTACATTGTGAAGGCCCGGCAGTGACTTAAACAGTGAAATAGTGTACTAAATTCAT
TTAATAGTGTACTAAATTAGAAGTACTGAAATTACAACGCCAATGTCTGTATTGATTAATGTTAATTG
AACTGTTTAAGAAAAATCCCAAAGAGGAAAATGTCGCCTTTAACCCGGCTAATTTACACCCAAAACAA
TCTAGTGAATGACTGAATGGAATGAAAGAGGAGACAAGAATAGTAGTTTCATGAAAGAAAGAATGTAC
TCCGTAGAACGATGTTCAATGCGTAACAAACTCTTTATTTTAAGTTCCTATAATGTTCAATGCATATA
GAACATGAGTGCTACAAGTCAATTAGACACTGGTGATCTCATTTATACACCATATGGGTAAACAAAGA
TTCCCACCTGTTTCTTTTTTCAAAATGCATACCATGGACAAAAGGGGGCAGGCAAAAGCACATGTCAA
AAATATCAACTCTTTGCTTTTAATAAGCAATCACAGTATCGTGAATATAAATAGGACAACTGTCAGAC
GGCTATGGGTACAAAACAGTTAAATACATTTACAAAATCTTGTAAATCTAGGTGAGGATGCAGCAGCT
GTATACAGGTTCACCAGGACTCTGGAATTCATATATATATATATAAGGTCTGGTGAATAAGTGTAGAA
ACATTTACAGCATTTTAGTCCAGCCCAAACTTCTATGCAGTTATTAAAACCTCACCACACCTATACTT
CAAGCAACATTAATATATGTTTTGAATTATACTATCATGCGTAGAAGGGCAAGTAGGTCTAACTCATG
AAGCTTAACAGGTATCTCTCTTTTTCTGAAGAAAATATAATTAAAGTATTACCGTAGCAGTGGTATCA
GCTGCTCGTGGCTGTACTCCTTTCAAGCCTACAACCCTGTAAAATTACAAAATGTACAAAATCACTAG
GCAACCAACTTGAATACTTGACCAGGAATAGGACCATAATTTCTTAAATCATGAAAGAGAGAGAAAGA
TGCAGGGAGAGAGTTTCTACTTCTACTAAGTAAAAAAAAGAAATGAAAATGTTGCATACCAGCCACCA
CGAGGGGCATCAGAATAAGCACTTGGATCCATCGGGTCTAATTCATCCTCATCAGCATTGGAACGTTT
TCTGCTGTCTTTTTTAATGCCTTTCCCAATAGGAGGTTTTGTGTTGGACCTGGATAACCAAATAACAG
TAAGTAACATGCAGTGTTAGCAAAAATAATTCGTTTATTTTCCTCCACCAACTTCTTCTAACATCAAG
GCTCTTAACCCGGATATACCAAAGAAATACAAAGAAAACTGGCTTAAGTCGGGTTCTCTTTTGTTTCC
TTTTAAGTCTACACCATTTCTTGGGGGGGGGGCAGAAAAAAATTGCTACAAGAAAAATACACTGGGGG
ACATAAATGCTGTAGCTACTTTTCTTGGTTAGTACTGTATATGTCAAAGGCTCTTTTGGGTAAGTATA
TTTTGTAGCAGCTTTTTTGCATATTCGGATTTACAAAAGATATTACTTTAAAAGTTGTTGTATCCCCG
AATTGTGTCCTAAATTTTTAAATTATTCTGTATTGCCATATTCGCATCATATTGGATGCAATACCCAT
GTGTACTCATGTTCCATAGCTCATAAACTAAACAAACCCCTTATATACCAAAAAGATTCGGCCTTATT
AAAGGAATTTGACAAGATTTTAATTTTAGGAAAGGTGAATACCTCGGTTTTGCAAACATATTCTCCGA
ATTTCCGCCAGAATTTATAGAATTGATAGTCTGCAGATGGTTCCTCATGGTGGCTGGTAAAAACTGGA
TTTCCGGTAGATTCAGAACACTACAATGGAATAACGTCTGTTAACATTAAAAATTCAAATATGTTCCA
TCAAATGACAACTACAATTGTTGTCTCAAAGTCGTAATGGGGGTTAATCAGTTTTTAACCCTACATTA
TGACATTTTTGCCAGTTTTGTGACCTTAATTCTAATCATTAACTATAGAGCTTGGTGTACTAATCATT
431 
 
AAAAGCGTATATATATATATATATATAATATGTATTCCTCCGAACTTAAGAAAGATTGACAAACCGTG
TACAATGAATACAGTAGCTCCAAGACTGTACAAGGCCTACTCCCCAACCACCACAGCCTAAGCATTTA
TTTAGCATGAGAGATTGCATATCTATACTATCATTCGCTGCGGGTTCAACGCGTTGTGTGTTAGTTGA
CTGTGATTTACTAGGATGTTCCCATGTTGATAACTGAGTCTTTGTGTTGTAGTAATACTTTTGACCTG
AAAACCGACAAATATAGTAAATTAAGATGATTAGAGGATAACATAAAGGAAAGAAAATAAATGCAACT
AAATCAACACACGTCCTTCACATACTATAAAAAGTTGAAAAATAGATGCATTCCTTTCCCGCTGCTCA
AAGTTATGGTTATGTACACTAACGTATCACCGGTTTTGTAGACCAACCAAGAAACCTACAAAAACTAG
CAACTATTACACTAATGTTACATTCTCTGCAATTTACTAGACTTAGTGTACCAAATAGAAAAAAACAA
CCGTAGGATGGGATTCTAGTTAATTAAGACAAAGAATTACACTTTAATCATGTTTTTCGCTTTCGTAC
ACTATTCTTTCGTATACTTGTTAATTAAGAGTCCGAGGATACCTTAGTGTAAACTATTATAATTATAN
NNNNNNNNNNNNNNNNNNNCACACACAAAAAAGATAAACATATGTTTAGTTATTTGGGTATTCAAACT
GCAAGGTTTGCAAGTGCAGTCTCCATGAGGGAGGTGACAGAGATACGCTGATAGGTAATATCGATCGG
ACAAGAGTTAGAAAGCTTTACTAAGCATGCATACTTCTCACCATTTTCTATTATGTAATAAAAAACTA
GAAAACACACTATACATAAAGCAAACCTGATGTTTCATCCAATACCTCCACCCAATCCTCTGGGAGTT
GCAAACCAGATGAAGCCTTTGGAGAAGAGGAAATCTCAACCGGGCGTTCCCATTGACTTTTTCCAGAG
CTTTGGTGATAATAATATGTCACACCACTTGCAGGATCATTTGCCTCCACCTATGAAGGAATACAAAG
AAATTGAAGATAACAAAACGAAAAGAGAAGAGCGAAAAACTACAAGACATGGTAAAGGACCGATGTAG
AAATAAATTAATTCAACTTATTGGGAAAAAAGACAGAAAACAAACTAGTCACATGTCTACTGTTCTCA
ATCTTTTCCATTGACAAGGAACAGTAAGTTGAGCTACAAAACCAAACTCGAGAAGCAAAGTTCTAGTC
AGACTATTCAGGAAACTTTTTCAGACCATTGTGATAAATACACAAAGCAGCAATACCTTGTAACAATC
CAACTGGATTACAATACAAAAAGCTGTTTCAAATACTATCGATCACAGTAACCAAATTTGCTCCTAAT
CTATTTTCGTAAATGTAACCATCAAGATTCACCTAAGGTGGAAAATATAAAATAAGCTGACACAAATC
ATATAACATCTTGTATTTGAGCTTCCGCCTCCCAAAGATGACTTGGTAGTTAAGCATTTAAAGATGTA
AAATTGAAGTTCTTATATTGGAGGGAGCTCATGCAAAAAGCAAATTTGATTGTAAAACCATTGCAATT
TAGTTACTGCTAGAAAACCAGTCAGAGAAGTAATTTTTTTATATATGTAAATGACATTAAATGGATCA
GACAACGAGTTGAATACAAGATAAATCCATTTGTCAAGATACACTCCACTACTCTAGTATAAATATTA
CATCATTCAAATTCAAAGTCCAAAACTTTCCATTTACTTCCAAATGATACAAAGCTTTACAATCCTTC
CAGGTAATGCTAGACGGAACAGCTCTCTAATCAGCCCCAGGTTCTAATGAATTTCATGATCCTAAAAA
CCATTTACAGTAACCAGTAACTGTGCTCCAAAAGATATTGATTATCTCTCGAAATCTAGCAAAAGTAA
GAATGAACAGGGAATGATATCTTTAACCCAACAAAAGTTATCGCACATAAAATAACCTTTTCAACTAG
TTTCAAATCCTCTCCTTAAAATAACAAAAGCATGACATGGTAAATAGTGCACATGAAAGGTAGGAGAT
TTTTAAGTCCGCCAAACAGACAGAAGGTAATAGCCTTTTAAGGGAGTGTGTGGATGCACTGTCAAAAG
TGACATTTGAGGCCAAAAGTGCTTTTCTAAAAGTTTTTTTTACCTTTGGTGAGCTTTTATCTTCACAT
ATTTTTGAAAAGTTTGGACCTCTAAAGTCCATTTTGAAAAATCAGGGTTAAGGTGGTTTTACAAAAGT
TCTTTCGTAACGTACGAACTGCCATTTACTTTTCTTTTTCAGTTATCTCCGTTTTCAATACAAGTGAA
TTATTTTCGATAAAAAGCAACTCGTTTCAATAAAAGCCACTTATTCTCAAGAAAGTTGACATTTTCTG
GAAAGACTTTCCATTATGTTGGATCATACTAAAAAGATGTTTTATTTGTAATTGAAAGTTTTAACTTT
TTTAGTATACTAACTATAAGTCAAATCTCACTTGCTCACCAAATACTCCGCAAAACCGATGGACAGCA
AAAGCACTTATACACCTCACATTACTTTCATTTGGTAAAGTGTTTTTCTAAAAGTTACTTTCGTAACG
TACAAACTGCCCATTTTCAGAAGCAATTTGTCCCCAAACACCCCCTGAATCAAGAGGCAGGGTGTTCT
ACATTCACAATGTTCCTGTTAGTCCAAAGCTTAAAACAGTCTTTTACAAAGAAGACAAAACATAAATG
TAAGTCAACTTACCCATCCTGGAGGCAACTTCCCAGGTGCTACAGTTTCTCTGGATGAGATCTCCGAT
TTCTGAAACATATTTATTCCAAAGAACGTTATCCGCAAGAAACTAGAAGGTTTGATCAGTACGTCAAC
TTACTGCCTAATCAGTAAGAAGAATACTCATAGAAAAATTACGGCACCAGAAGAAATTGAGAGTTGAC
GGTTCGGAATGTAAATTTTTAAAGTGTGAAAACTTTGAACTATAATACATAACTATAAAAGAAATAGA
TAGTTATATAAAACGTGGGAAAACCACCTTTCAATTTAGAAAATAGCATGTAAGGATATGGAAAGAAA
CAATTGTAAAAAGAAAAGATACGTGCTTTATCAATAATCGCAGAGCTATGTTGGACTTGACTAGCTTT
GAGAACACCCCGTGCTCTCAACTTTTGTTTCAGATACTCGGGTAAATCTTTGGTCGAATTATTCCCTG
ACTCTGATTCTTGATTATCGGTTGGTACTTCCTGGTTTCCTTTATCCTCAACACCTCCAGATTTATCT
GAAAATCACATTAAATGAGATGTCCACAATGTAAATTACTGTGAGAAACTGCTTATATCATTTTCATA
GACTCACTTGGCATAAGAGGGTATGGTCTTGCACCATTATAAGCACCTCCACCCGGTACACCATACCC
ATTGCCAATCTCAACATTTTCTGCAATGGTTTAAGACATGGCCAAATATTTATATCAATATCAGTAAC
TCAAGGATTTTCCTTTTCATTTAAGGTTCAAAGGTTAAAAATTAAAAAAAAAAATGAAGACCAAACTG
CAGGAAAACCTTAATCAGTGTCATCAGATGATGCTTATGTTTTCTACTTCAATGAAATAAGACATCTA
ATCAACTCATGTCTTCTTACTTCTCAGTACTAATCATCTATTCATCCCCAGCCTACCGCAAAAGGAGA
AGTCATTAAGAAAAAATATACCATGTTTCTTGACATACCAGCAGATTGTATGGTCATACTCGTAACAT
GTAAGGGTTCAATTGAACAAGCTCTCCTTTTCCAATCTACCTAAATTCTCTTTCTTCTTCTCTTTTCA
TAAAAAAAATGGATTGTGATGAAGCTCCATATCAAAATGCCTCTTTTATTACATTATCTTGGTGCAGA
AAGCAACATTTGCAACCAATAAATTCTTTAAGTTGTGAAAGGTCAGTAAAGGACACTCTTATGAGTTG
TTCAAAGAATAACTAATGAGTTCTTTTAAATTGTCAATAGTACATTGTAACACTCTGAACCTCCATTT
TTTAGTGCCTTTAGCAGAACTTACATAAAGCTATTAAAAGGAAGGGGAATTTTGATTGCTAAGTGCTA
432 
 
ACCATACCGAGTGAAATACGAAATAGAAGACATACTAGATTAAAGGACTCGTGAAATCAAAGCAAAAG
AAAGAAACTGAAAACTAACCTTCCACAGCCACAACAGACTTTCCACGCTTATGGGCCATCTCAGCACG
GTGGTTCATGGTCATTTTCAATAGATGCTCCTAAATAAGATTACAGAAAATCAAACAAACTTTACAGA
ACAAAATCTATGTAATCATAACTATTGGCTGCTCAACAAAGACGTAGACATTAATACCTTTATAGCAT
TAGGATCATGGTGTTCTGCAAAAACATCTCCACCATCAGCAGATGGACCATTTCCACCTGTTACATAC
CTGGTTATTTAGAAATATACACAAATTAACCACTCAGCTCTTGGATTATTTTATTCCGAAAATCAAGC
AGATATCAGTACTACAAGAAATTGTACAAATGAACCTTTGACTTTCTATTATTTTCTGGGTGGCAACT
TCCTGACAATTAGATAAAAAAGTCAAATTAAATAAAATAATACAAAAGCATATGAAGAAACTCAGTAA
CAAACGGAACGTATGGACAAATCGCTTTAATATACATACTTGTTCATGAAAAACGGCACCTTGTACTG
CAAATTCAATTTCTGCATCAGTTCTCAAATGCACTGTACTAGAACCCCCTGAGGAGATATTATACTTG
TATTTGGTTAAAATAAGCCAAAATTTGAAAAGTCAATGACGTTAATAAATTTAATACCACATACTTGG
AAACTGGTTGTTTAGTAAACAATAAATTAATTAGGATAACGAACCTTGATGTGTATTTGGTTGATCAT
TCTCTTGTCTGAAAGGTTGAGATT 
 
PvG48 (+/-) 
CCTCATTTACTTTCACACGACTGTATACAAGAAAATATAACGTGCAATAAAATGAGCATTCGACAGGA
TGCTCTTAAACTTCATATGTGAAGATTTATTTCGGCAAGAAATGTTAAATAACATAATCTAGTTATGT
CTATCTTGATCGATAACAACAAGTTGTCCTCAAATAAGACAAGTGTTTTATCTGGATCATGAGACAGA
GCATATAATTCAAATATGACTAATAATAACTTGAAGCCATATACACTCTCTAGTCGTCTCATAGAGCA
CTAGTAGATCAGAGTGATTCATTTGGAGTCATTCCAAAACCTCCAAGATATCCTCTTATTCCTAATGG
TAAAGACAGGCCATATTAGGAATATCTCTTATGCGGGTCTGATAAGTAACCGGCATCGCTATAACCGA
AAAAGGGTTACCTTAATTCGAGTACCGAATGGGGTTGGTACACTCGATGACGCAAAATGAGATAAGAC
AAGCCCTCATCCATAGTTACCTTAAGTTAATGGGAAAATGTCTTTTATGCCATTTCGATAGCAGCGTG
TTAGCGCGATGCTGTGTCGAGCTATACCATTCACAGCATACGAGATGTTCGTCCTAGTACATTAGACC
AAGTATAATAATGCGCTTATTGTACTTGGATATGAACATGATAGTTCAATATCTCTTTATCGTCTGAT
CAGGGATGGATCGGGTCTATATCAATGTCTAGTGATCGAACGATCATGGGAGAATCTGACGACTTAGA
GTCATGATGACTAAAACGTCATAACACCTTCTGGGTGTAGTCTGAATCATGGACTTAGATTCAATCTT
TACGGGAATCGATCATCAGGCCAAGTCACTACCGTGTCTTCCTAATATCCTTCATCTCGAAGGCAAAT
CCAAAAACGGATTGCGTAATAAAACACGCAAGGGCATAAAACGTGTCTCTACGTATCCCAAGCCGATC
AAGTAATCACTTAAGCGGGTATACCACATCCTCTCGGATTATTTCAATCTATATAGTGAACGTCTCAG
TCAATTGAGAACGTGTTCCATGGTCAGTAAATACATGATTCAAGCACATAAAGTCACACAGGGACCTT
CATCTATATCTCTTTATCTAAATCCCCATAGAGATAAAATCGTGACCACAATCGCATGCTGCGTAATC
AGTTTTTCAGAAACTACTAAACTGATAAAGTAGGGGACCGTTATAACGTCCTTTACGAGCAAATAAAT
CATCTCGTAATCAATTCCAAGGTGTGGAGAATACTTGCGCTACTAGGCGAGCATTCTACGATCTCATT
ATTCTCATCACTTTTTCTTACGAATAACCAAATAAACGAACTCGTTTAACATTGGTGGTGTTGGAGCT
TCAGGTCCGAACACACTTTCTCTAAGGAGTCTACTTGGATTGCAGGTTTCCATTAGGTCAGTCTATTC
TACGTTGACTTCAGGCAACGGTACATGGTTCCCTGTCATAATTTGCTCATATTATCAGTCGTCATCGA
ATATATGAACAATTAATCAATGACAGTCTCGTTTCGCTTCAATATCGTCTAATATATCATGATCAACA
GATATTTCAAGATTCTCAGGCTGAGGAGGAATCACACATCTCCTAGATCCTCTATAATCGAGTGCGAC
AAACGAGTTTAACTTCACCACCTCTAGGGTTGAACGAATTAAGAACCGGTCAACTTCATCATATTTTG
GGAAGGACGACAGACTGACGGCCGACGGCAGCGTCCTTTACTTGGTGGGTTCAGCCAAAGCAATGTGT
TACGATAGGAACACGGTGTCCGACATGGACGTCTATCCTTGCAAGCATTTTGTAGCATGTATAAATGA
TCATCTCATGACATCTCATAAAGTCATTAAATGCGTTTGGCATTTAGTTAGACTTGAGGGAGTCTATG
CACTTACTTATCACTAAGTGCAGTTTTGGGGATCAAGCTAAGACTGAGTGGGTTATGCCACGTTATTT
CACCTCGTTCCTTATCAACGGTAACGTACAAATCTCCCCCTAACGACGGGGGAAACAGTCTTAGCGAT
GTCACTTTCGCATGTGATGCGGTAAAGAGACTTGCCAAGGTTACTCTATCAAATGATAGCCATGAGAT
TCATAATCGACTTATGTCCCCTTTAGAGGTCCATATTTTGAACGCTATAGCAGCTCAATCAAAATATT
AATTAAGCACTCCAAACACGCATTAATATGAGACTTCTGGCTCATAATCAGTAACCAGCTGGTACGCA
TATGGTGTCTGAGTGTCTATGTGACTCATAATGGACCAATGCAGTAAAATAGTATAACCCCACACGGA
AATATAAATCTTGGTACGCAAGACCAAGAAGTGCGTGCAATCATTTGCAGTCGCATCATCAAACTTTC
CGTGAGTCCATTTTGGGTTTGAACATAATCGACATGATGTTCAATTTCAATTCCCAAACTCAAGTAAT
TCAAATCAAAATTTCGATCCTTACTCTTCGGCATTATCAAGTCGACTAGACTTTTCAGGATAATCCGG
ATTATGAGCCATCAACTTAATGATATGGCTAAAAGTTTGGAAAATGCTGCATTTCTGTGGACAACAAT
AATCATGTGACCATATTATCGTTGCGTTAACCATAACCATTTATATTTATGGTTCGTCTTACGGTTGG
ATAAGTCCACAATAACTCCTTCAATTTTTTACAAGAATTATACGAGTCAATTTCGTGATCTTTACACA
TACAGTCTTTCAAAGTGAGTATTAATGACATGAATTTCGGATTAATCGCGAAATATATTCTCAAAGAG
AATCCAAATGCGATGCGATTATAAATCAAGCATCGTCATTTGACCCGAGAATATCTTATCCGGTCAAT
GCCACAATATCAAAATGCTCTTATCAATCGACAATATGCGAAAAATAGTACAGACAACCATGTCTTAG
CATCTAAATCATTTATCATTCGACGACATGCGAAATGATAAAGTAACTTTAAAAGCTATAAAAAATGT
GGTAGCAACCAGTTAAAAGACATTTCGACTCGTCTAAAATACGCTTTCGGTCGTATTGAATGGATGTT
433 
 
ATGTATAGAAATTTTAATTCTTTCATGAGCTATTACCAGATAACACTGGTTTTCTCGAATATTTTATA
ACTCAACAAGGTACGACAGGACCTACAGGAGTATAAGGCCTCAT 
 
PvG49 (+/+) 
CAAGAACTTAGTAATCCCAGAATGAAATTTATCAAGAAATCAATATCATAAAACTTAAAATAATACTG
TACTTGCTATATATACTGATCAAATGTCTCATAACTAGTACTGCTATTGGTAAGCCACACACACAAGC
CATTAACCAATAGCAAAAATGATGAAGGAAACCCAGTGGTTAAAAGATTGAATGGCTAAAACAAGGTA
CTCAAAAGTATAAAATAAAAAATACTACAAGTACCATTTAAGTAGAAATAAATTCAAAGTTGAAATAG
TAAAGTGTTTACAGTAGGTTTGGCATTGACAAGTGCCCTAAAACATCCCCTCTAAGCTGTAACTCTCT
AAAAGTCTCTTGTCTTCAACCCTTTAATGGAAACTCTTACTTTCTTTCTCTCTATCTATCTTGACCAC
ATATTTTCATTTCCATAAAATTAGATTCTTATTAACAAAAACAAAAAGAAGAAATTAAAGAGTTAGCT
AGAGAGGAAGAGAAAAATAAAGAGATGGGTAGAGGAAAAATAGAGATAAAGAGGATTGAGAACTCAAA
TAATAGGCAAGTTACTTATTCAAAGAGGAGAAATGGGATCATAAAAAAGGCAAAGGAGATCTCAGTTT
TATGTGATGCTCAGGTCTCCCTTGTTATTTTTGCCAACTCTGGTAAAATGCATGAATATTGCAGCCCT
AAAACTCCGTAAGTATCCATTTTTATTGTCTAATTTATCTCTAAATTTCTTCTATTTTTTATTGGTTT
TTTTATACTCCAGTTAATTTTTTTTTTCAAGGTCTTTCCCACCAATTTATATATATATATATATATAT
ATATATATATATATAAGTGTTGTTATTTTCATTGTTTTTCAAAATAATAGATCTGTCTAAAGATGGCT
AGTAGCCTTGTCCAGCAGGTTTTTAATTATTGTTGCTATAATTAGAGGATTTTTCTCTAATAACTTTT
TTCTAGCTTTACATAATTTGTTTGAGAACTGAAATATTTTTGGTAACTTGAAGTAAAAATCATCACAT
AGTTTTTTGCAAAAACAAGGTGTGCTGCTATATCTTTTTTTTTAACAACTTTAGAGGATATATATTTA
GTACATAATATTCAGCCCTATTTAGTACTAATTATCTAAGATCTTGGTTAAATTTATATGAATACCTT
TTTCAAAATTGTTGTTGTAGGTTGATTAACATCTTGGATGCATACCAGAAGCAATCTGGGAACAGGTT
GTGGGATGCTAAGCATGAGGTATAATCTTATTCTTATCTTTTTAATTAATAGGTAATTTTATTATTAT
TTGTTGACATTTTCCCCCTTCGAACATCCTAGGTTTCTGTACGAAGTTGAATATTTTTACTAAAAGTA
CGCAAAGGAACTTGAAATATGATTTCCATGAACAGATCTACAAATGGGAAGTTGTAGTTTCAATGATC
TCTCAACATTTTTAGATTTTTTTAAAGCAAAAGGACGATAAGTTTTTATGAGGTGTTACATCTATGGC
CTGATCTGGTAAAAAATATTCATATTCTCTTTCCTATTTCCTCCCCTAAAACTCTTAGTAAAACTTCT
ACTTTTGTAGCAAAAGAAAATTATATTATATCCTTGATGTGTCAATGAAACCCTCTTTTTATGAACTA
TCTACTTTACATGGTCTTTTCCATGTAACATTTAAAATATCATGTTCTAAAGGTTTATCCGCAATCTG
CCTCTATCTGTATTTATATAGTATAAAATTTTAGGGTTGTATTTTATTTACTAATATAGCTATTTGGG
CTGTTTCTAATGATGTTATTTTTCCAGAACCTCAGCAACGAAATAGAAAGGGTCAAGAAAGAGAATGA
TAATATGCAAATTGAGCTCAGGTGCAATTTTTTCTTATCTCCTGATTGGAAAAAATATCGAATATTAT
TAAATTTAATTATATTTTTATGCAATTTCTTTCCGTCATTCTCGTCATGCATTATTAATTGCTATAGG
CACTTGAAAGGAGAAGATGTACAATCTTTGCACCACAAGGAGCTTATGTCCATTGAATCCGCCCTCGA
AAATGGACTTGCTTGTGTTCGCCAGAGAGAGGTAACAAACCGTCATAAAGTTCAAATTGTTATATAAG
AAATATCTTGTTTGGCTATACCTTAACTCCCTTTTTAGCTTTTCTGGGCTCTAAGGTCTAGATCATCT
TTGATGCGACACTTGTAATTAAGCTAAGCGATTTTTTTAAAACGAGAAATTTTAACACGACTGAGATG
CTAAGATCGTAGTCTTCAAGGTTTCCTCAAATTATATATAAAAGCAATGTTATTCTTTTTACCAACTT
TCCTTTCATGCTTTCTCTCATCTAGAGTGTTGAAAGTACTGTGAAATCTAGAAATACTATTTAAATGG
ATAGCCAAATGAAACTAAAGCTTACAATTCAAATAATTTTTGTTCCTTTTTGAAGATTAACAATTTAA
ATATCGTTTAGATTGATCTCATAATTATACTTGGCCACCGAGTGTATCATAGTACAACTTCAAAGGAT
TGATAAACATCCAAATTAATTAACATTAAATTTTTTAGCTAGTTTAATTTCTCTTGAAAACGCGGAGA
GTAATCATAACTGTTCCTTTCAAGTCGCACAAAGTAATTTGTTATCTCATTTACTACCTTTTTTGTGT
TACAGATGGAGATTTACAGGATGGCAAGAGAAAATGTAAGAAGAAATGAAAATTGCTTATGTTATACT
AGGGCCTTCTTGTTATTAATTACTTATTAACTAACCTCTTAAACGATTTTATGTGTATCTGAACTATT
ATTGCACCATCCCTACAAATTAATAATAACATTATTTTTTAATTTTTTAACTATTCTACATTTCCAAA
GTATCGCTCTCATACAGAAACGGAGTATTTTGAAGTCCCTGTGATCAGACTTGTTGACAAAATTTATC
CACACTGTTTCTAAAAATAAATAATGTTTAATTATATAAATTTAAGTTTTCAAAAAACTAGTCTTTCT
TTTCTCATAACTTTCAAAGAAATTATTTAACTATAAGTCTATAACTTTATTTTGGGAGTCCTAATTCT
ATGAATTAAGAAGTTATTACATCCTCTAATTTATTCTTGGTCTACAGATAATATTTTTCACATAAATA
AGATATGGATTTGGTAATAGATTAACAAGTGAGGAGATATTCTGATCATTGGCGGAGGTATAAGGACA
AGGGATTGCTTGAGCACCCCCACAAAAAAACAAAAACAAGAAATTTTATATAGGTTTTGATTTTTTTT
AATAAATATGTGACATATGCACCCCATGACTAAAACTTATAGCAACCTCACTTTTATTTGTTTACTTT
TCAATGTCTAATCCAACACATTTCAAAGAAAAAAGAGACTTATGTACAATCTCTCTCTCAAAGACCAA
ACTCAATAATTTCAAACTTAATTTTTTTTCACATTTTTGAAACTGTGGGTAGATGGAAATTTGATATT
TTGCAATTTTGTATTCACGGAGAAGATGAATCTATTGACGTGCGTAATATTCTGACTATTTTATTTAA
CATGAAAACAATGAATTGTTGTACTTGAGGATCCGATTTTGTTATATTATTATCTGTTGCAATTTTTC
TTTTACATCTCTCCATTTATTTTCACAACCCTTCATTTTGATAATGTCTCCGCCCCTGATTCTGATAC
ACATATAATCTGGAACATATAATATAATGCTCAATTGGAACAAAATAGCAGTCTAGTCTTCTGTTAAA
TTCAGATAATTTATACTTCGGAAATGTTTACATACACATATCTCCCCAACTAAGTGTCTCGTTATCTA
GACAAGTATCAGGGCGAAGCTAATTAAATGTATACGTAACTCTAACACTTGCTAGACCATCCTAAGGT
434 
 
AATACTAAATAAGCACACATTTTTTCGAGGTCTTTTACAAATTTTAGAGTTCACATTCATTTACTTAC
CAACCAATTTACATTTTTATTTGTGTTTTCCTATACCAAATGCATGGGCAAGAACAATATAGTTTTTT
TCTTTGGGCAGTTTGCTGACAAGGAAAGGGTACTGGAAGATGAAAACAGGAGCCTTACTTACCAAATG
GTATGCTTTTAAGACTCTTCTGTATACTTGTTTATATGTAATTCTTAGAAATAATACTTCTCTTATGT
CAAGTCAATGGCTATACTTTTTGTTCATTGATGTCGTTAATTTGGCGACATCTCTTGTAGCGACACAG
CAATAATAAACCTTTTGTTTACTTAACATGCAAACAAATGGTTTATTTTCTTTGGGCAGTTTCCTGTA
GTGAAAGATTTTACACCTTGCACAACTATATTTGGTACCTCAATTTGGTTATTTTATGGATTAAGCAT
AATATAGTAATTGTTGCTAATTTTGAACTAAGACTCACTTTTTGCCAAAAACTAAGAACCTGACCACA
AGAATATAAGTATTTTATGTCGATTGCTCCGCTATTAATTACTAAGAGAGTGTAATTTTATCCCGTCT
ATTCATGAGTAATGCAAGGTTCAATTTCGATACACTCAGGGCTGGAGTTATTATTTGTTGCACCTAAT
CTCGAATATTTGGAGGAGGAAAAAGGCCTTTCTAGAACAATTTTTTTAATAAAAGATGGTGAATATTT
CCTATTTTACTAGTAACTGCACTTATTGTCATTAGCATTGATGTAGCCTAATTAATTGGTAGTAATTT
TTATTTGTAACTGTGAGTCTGTGATGTAACAAAAAATAACCTGCATATATGCATTAACTTTCTAAAAA
TGAAAATCCGGCGCCTTTAATCGGCCAGCGTATGAGCAATTGGTTGTGGTGAAAGCCGTCTCTGGCTA
CACTTCTCCTAATACTCAGTGCGAAGTCACGAGGGAGGATAACAACACAAGATGACAAATTGTCCTGA
AGTATAAAAGGAGTAAAAATATATTTTCTCCACATTTATGTAAAATTGTAGTTTATGCAATTACAGAT
CGATAATTGTAATTTATGCAATTACAAATCCATAATTGCAATTACAGATCAACATTTACTTTCCACCC
TTATATCCAAAAAACTGAATGTAACAATGATTTTAATTGCTTCGATTAAACTTCCTTGTGTAATTCTT
GCAGCACCACCTGGTGATGGATATAGAAGGCGGGGAAATGGAAAATGGATATAATTACCAGTCTCAAA
TGCCATTTTCCTTCCGGGTGCAACCGATTCAGCCAAATTTACAGGAGAGGATTTAAATATAAACTCAA
AACAAATTGTCGTAATGCTCTACTTAAAAGTAGAATTACAACTAACAACTTAATCTGATTTAAGTGAT
ATGAACCTTGATAAAGCATGATCAGTTTCTAAGTGAAAAAGTTTTACTCCCCTCAAATATAACATCTC
ACTAAGAAACCTAACGTGACTTTGTTTCTGAGGCTTCTATTTGATGTATATTGTTGTGACTTCGTTTG
AGTTTAAAACTTAATTGTATTCCTTGTTTCAAGTTTCATTTCTGAACGTTTGATTTCATTTTGTATTT
GATGATTGTATTGGTTTGTTGCTATTTTATTTCAAGTGTTAAATTAATTATTACGGATTACGCAATGC
CTTTTCACTAGACTTTAATATCTTATGAGAGTTAGATAATATACATTTTCAGACGCAATGCCTTTTCA
CTAAACTTTAATATCTTATTAGAATTAGATAATATACATTTTCATACGAAGCTTTTCTCTAGGCCTCG
ATATCTAGT 
 
PvG50 (+/+) 
TCCACATTTACGACCGATTCGTTTACTAAAAAATACAAGTTAAACCAACTCGGTTTATTTTATTTTAT
TTTACTAAGAAACCAAACCAAACCAAATATTGACTATCCATAAAAACATTATCTTTTTGGTAATAACA
ATTAGCTATAGGACCAGGTTGAATTAATTTCATCATTTTGATATAAGGTCCCTTACACGATCCAAACT
GAGTAGTTTCGACTTAGACAACCAAATAGAAACGTAAGAAGTATATATAATTAATCAAATAAAATAGT
CATAAATAAAAACTTTACCTGCAAAATACCAATAAAATGAAGTTACAGGATCATAAACAAAACACTAC
TGTATCTAAAATGTTCTTAAATTAAAATTAAAATTAAAATTAAAACGTCCGGTTCCTCTCAAAAATCT
CTTCTTCACTTAAATAATTCAATAAAATACAACCTTAAAACACACACACACACACACACACACACACA
CACACACACACAAGCTCAATTAAAATGGCATCTACAGACTGGGCCTCATCAGCACCAAATCTCCAGAA
GAATATCCCATCTCTATCTCCTGATCAGGTCCATACACGCTCATTAATACCCATTTACTGTTTTTTTT
TTAAATTAAGTGTTTTTTTTTCTGATTTTTTTGATAATAATTTGTTTAATTAGATTGAATTGGCCAAG
ATGTTGATAGAGATGGGTCAGTGCCACGTGTTCCAAAACTGGGCTCCACCTGGAGTTGATGATGATGA
GAAAAAATCTTTCTTTGATCAGGTACTTTATTTTTATCTTTTTATTCAATTGGGTATTTTTTTTTATT
CAATTGGATATTTCTTTTTTAATTTATTCAGGTTATTGTTCTTTTTGTAATTTCTCTAGATGGGTCAT
ATTAATTATAAGTTATTTGGTAGTGGCATAGTTTAGCAGCATTGGTTTTGTCTATCTTCTAAATTAGG
CTCCTAAATTGAAGTCCTTCGATTATGTTAGGAATTTTAGTATTTGCCACACCTTTTAAAGTTGGCTT
ACTTTTTTCCTTATTATCTGTATTCTGTAGTGCATATGATGGGCTAAAAAAGTATTTTAATAAGCAAA
ATCTTAGCTGAACCGTATTTGCAAGAGCTATGGTAGAAGCGTAAAAAATATAAGCTTTTAGCGGCCTA
TAAAGCTGGAAAGTTAGCTATTTAAGCTTTGAATCGAGCTTTTTTACTATGAAGCACGCTTTTTAAAA
CAGTGGAGCTTAAAATACAAAGTATTTTTGTTTGTTTTTGCTTTTGCTTTTTGGCCTAGAAAAGATTT
TAGGCTTATAAAGTCTTTGTGTTACTCATTTAGTATGTTTTAGTCTTTAAAAGTGTATTATATTGCTG
CTTAATCTAATGTTGTGGCGACCTGATTTCCTAAATCCTAACTCAAGTCCGTGATCTGGTTTGTTTGT
TTCTGGAATGTACTTCATTTCACTTTTTCGTTAAAGCTTGGAAGATAGGCACATGTGAGTATGCTGTG
GTCGCAACATCTCTGACTACTTGTAAGTGTTGGGAATGAGTTTCGTGCATCGATGTCATGCAAAACTC
GAATCTCTTAATGGAGTTTTTTTAAGAACACATCCGAAGCACTAGGGTCTTGTATATATTCTCTAGCT
TTATTTAACGAACAACAAGCGTTATTTGGCAGTCAAACTGTTGAGATTGTTGATTTTGGTTAATGTGT
CTATCGGTTAAAAGAGTCAACATATACACGTAGTTGAGTTCCTATCAGTGAGATTTTTGGATTTTTCT
TTCTAATTGTAGGATCAGAGTTATAGATATCAGCTGAGTTGTTAGTTTTGATTAGGCTCAAGATATTG
ACAACTTGTTGATGAATGTTTTTCATGAAATTTAGTAAACAAACATAGAAATACGATGTTTGCGTCTG
AATCTTCTAACGAAGTCGTTAAGTATGTACTTAGATTGATTGTGTTTTTTCATCGAAATGAAAAAATG
TTGCGGAGATGAAGGCCATCACTTTAATTGATAATTTATTTGGTTGTTAGGTTTATATATCTTCATCA
AAAGTGCAGCTTGCCTCTTTTTTATATTACAACATTTATCTATTTCATTATTGCTTACGTATCTAACT
435 
 
CGTTATCTTTCAGGGGGCTCGTCTTCATTCAAGCTATCCAGGGGGCTTAGCTTCATATATAAAAACTG
CCAAAGAACTCTTGGCCGATTCAAAAGTTGGGAAGAATCCTTTTGATGGATTTGCTCCTTCTGTAAGC
AAATATACTCTTGTTTTTAAAATTTAAAGAACAATATTCCTTTAAATCTTCATGTATAGAGAGAATGG
ACTTGAATAAAATAATGAATTTTTTTTACGAAGGTGCCTTCAGGAGAGTCTTTGGTTTTCGGAGATGA
TAATTTTGTCCGATTTGAGGAGGCTGGTGTGAGAGAAATGGAGAAAGCTGCATTCGTTCTTGTTGCTG
GTGGTCTTGGTGAACGTCTTGGATACAACGGAATAAAGGTAAATTATTACAGGCAATTTTTATTGGTA
AAATCTCCCCTTTTTTACACCAAACAATCTATAACAATCAGTATACCTATCTATTAAGTTTCACAACT
TATGACACCGAGTCTATACAATATCGAACTATTAGTACACCAGGGCTAAATTTTTTACTTAAAACTAA
ATAACCAAGTCTTTTTCTTATGAGAAAATAATTATAATTGTTCGCATAAGTTGGTGTACTTGGACCAA
TTTGCACAAAAATCCAAACGATGACTACATCAATGTTAACACTTTCCACCTTTAAAAACTTGTGATTT
TACTTTTTCAAAGCAAAAAAAGAAGAACTTGTCTTGTCTGGAAGGTTGTCGTTTTCTCGTCTAAATTG
TGAATGTTGATAGGTTGGTGTAGTTGTTAGATATTTTGTAGATTGGTGTCTAAAATGGAGCTTTAAAA
GTATGGTGTGGTAATTGTTTGATATTTTGTTGATTAATGTGACTAAATTGGAGCTTTAACAGTATGGT
GTACAAATTGTTAAAAAGTGATAGGTTGGTGTGAAAACAATGATGTTTCCCGATCTTCATTTAATGTT
GGATCAAGCATAACTAGGTGTCAATATGATTTTACTAGTTAGCATGTCATGAGTGATCCTAAATTCCT
TATGTAACCTCCTTGATTATTTGAATATATCCAATTACTTTGTTGTAACATGCTGGGTATTGGCATCG
AATTAAGTACTATAGTTGGGTGTTGTACAACTCAAACAACTCCATGTATCTATGTTTCTCTTCTAGGT
GGCTCTTCCTCGAGAATCTTCTACTGGAACATGTTTTTTACAGCATTATATGGAGTCTATTTTGGCCT
TACAGGAAGCTAGCCATAAACTGCAAGGAGGTTTACTTTCAAACTTAGGCCTTTATTTTGTATTATGT
GAACTTCTTCTATTAATGAATATGAAATTATCTGTTGGTCTCAAATGTGCTTTTGTCTTCGTTAGTTA
GTGACCCTTCAAGGCACCACAATGCTATTGTCTGGTAATATGAACGTGGAAGCTTCTTTCTGAACTTT
TTAGCTCAGGTTTGAAGCGAATATTTTTTTAACAGGACTAGTTACAAATGTATCAACTAACTTGTACT
GAGATTTCAATTTTATACGCGGACCTATACAAGTTTGCAATTAGTCCCCTAACCTAACATTTTTTTTC
CGATTTATACATTACATTGAATCAGCCCATTGTTTAGGGGTTAAAATAGGAACATTTGAAAGAATACT
GTTCAAAAGCAAAAAAAAATAAAAATGAAGAAACAAATCTGACTTTCTTATTCCATAAACTTCAACCA
ATTACTTTGATTTATTTTTGGTACACTAAATGCACTAGATTGCCAAGAATAATGTTAAATTAGTATAG
AAATTGTTAAGTTTGTATACAACACATAAATCAGCTGATAAGTTAGTAGAGAAACTTTAGAATAAATA
AATTAAATGCAACAGCTGATATAAGCATAGTTAATACACACATCGTAGTATTTTTAGCAACATTATTT
CTTTAAACTTGTAGGTGGAAGCGAAAGACAGATTCCTTTTGTTATAATGACATCTGATGATACACATG
CGCGTACTTTGGAGCTACTTGAAACAAATTCTTATTTTGGAATGAACCCTACTCAAGTAAAACTATTA
AAACAGGTAATAGACTGATACTGGCCGCTACTATTATAAAGAGGATATTCCTGTAGAATAGAATTGCA
TAATACATCCTATACTTTCAGGAAAAAGTTGCCTGCTTAGATGACAATGATGCAAGACTTGCTTTGGA
GACACGTAATAATTACAGAATTCAGGTGAATTGCTTAAATCTTTGCTTTCAACAGTTATTGGAAAACA
AGTATGCTCATTTTCTTACCATTGTCATGCCTTTTCTTATTCACATTTTTTGTGTGTGATTATAGACG
AAACCGCATGGCCATGGTGATGTTCATTCTCTTCTTTATTCAAGTGGTCTTCTTAAGGAATGGTACGT
TAAATATGGTAAAATACAAATAACCCGCTGTACTATGAGTAGTTTGGAAGTAACCTCCATTTACTTTG
GTTACTAGGAATGAACACCCACCTACTTTTTAACTTTTGCAAACAATCTCTGTCATCAAATTTAAATG
GCATAACGTTGTCGTTAGTGATCCGTTTTGGATGTCCTTTTGATACATTTACCTTGTTAATATCTATG
CATGTAAGACAACAGCTAGCGGGGAAAAAAATCAATTTGATCAAAAAGCTGTATAGAAGCAAATCATT
TATTTTTTTCAAAACCCGAATGCTACTGGCATTGCAAAAGATATCTAAAGAGAACATGAAAGATAGAA
AATGAATCATCCAAAACGAATGACCGAGATTAAAGTTTTTGTCTTTTTAAAATTGGATATAAGGTTGG
TTGCAAAAATGTAAATAGTACATGGGTTTATTGCAAAATACCCAGAGTGTTCTGGGCCATTTGCACTT
GATCGTTAAATATTCAGGTTGCAGAATTTAACTACTCTGAATTTGGTGTATATTCTGTTTTAAAAGGC
ATGCTGCTGGTTTGAGATGGGTTCTTTTTTTCCAAGATACCAATGGACTTCTATTCAAGGTTCATAAG
TGTTTTCTTTTAAGGCCTTATAGCTCGTTTTGTTGTATGCTATCTTTCTTATCAATCTTTGTATATGT
GCAGGCAATTCCATCAGCTCTGGGCGTAAGTGCTACCAAACAGTACCATGTAAACTCTCTTGCAGTGC
CTCGTAAAGCTAAGGAAGCTATTGGTGGAATTACCAAATTGACCCACTCCGATGGTAATTTTACTACT
CAGAAGCTCTCTTTTTTTAGAACTTTGAAGTGGCTGTGAGCTTTAAGATTTGTTATGGTAAGACTTTT
ACCGAAAATAAAGTTTCATGTCTGGTATGTGGAGTATGATGCTTAGCTGGCCCTTATATGCCTGCAGA
ACATGTTCTGTGTAAGGGATGATTATTGTTTACTACACCAACCTATCGGTGGTTAAGAATCTGCATAC
TCACCTTACAAGATTAACAATTTACATACTCACCTATACTAGATTCATCAATCAACACACTCCAGTTA
ACTTGTGTTAACTTTTTAACAGAGTTTTTGGTCACGTGCGACGTCTGTTTTACCCTTAAATCGTAACT
CGGAGTGGTCACATGATCACACGTGGCCAAACTTCTGTTAAAAAGCTAACATAAGTTAACTGGAGTGT
GTTGATTGATGAATTTGGTATAGGTGAGTATGTAAATTGTTAAATGTTAATCTTGTAAGGTGAGTTTG
CAGATTCTTAACCACCAATAGGTTGGTGTAGTAAACAATCATTTTCCCTTTGTGTAAATGATTTGACT
CCTATATTTTAGCAAATATGTGAAATATTGTGGTTCTTCAGGATTTACTGTTAAGATACTCATGGATT
AACTTAGGGTGCAAACTGCAAACCACAATTAACTATTCGTGAAATCAAAACTGATAACCGTGCGTACA
ATTCTGTTAAGCAAATATAGCTACATGCTCCTCGTCGAGGTGAATAAAATACTGATCATGGTTTTGAC
GTTTTTACAGATCTAAGTGTCTGGCGGTTCAAAATGAGATATCTTGTATTGTACTTGTAATTGCTAAG
GAGTCCAACATGAGATAGTTTTGCATGTTAATAATACCATTCATTTTTTATATTTATGATGGAATGTA
AGTCATTAGTCACTATTTCTTATTTGGTGTTGTGATAATATCAGGTAGAGCTATGGTAATTAATGTGG
436 
 
AGTACAACCAACTTGATCCATTACTTAGAGCAACTGGTCATCCTGAGGGAGATGTCAACTGCGAAACA
GGCTATTCTCCTTTTCCTGGAAACATAAACCAGGTATTATTTATCTGAACAAATTTCAATTTCTACCT
AATTTACTAGGGTTATTAATCACCTTCGCGAAACTATCTGCAGAATTTTTTTTATTACGGTGACATTG
TTGAAGTACAATGAATCCAGAAACAATTGGGAGAATCTGGTTTATTTTTAATTGTTTATAGCCCGTTC
TTGCAGTTGATTCTTGAGATTGGCCCCTATATTGAGGAGCTTTCAAGAACTGGAGGTGCTATAAAGGA
GTTTGTTAACCCCAAGTTAGCTCTCTCTCTCTCTCTCTCTTGTGTAATCGTTTGCCAAGTCTATTCAA
GTTAAACAAATAAATGCAGAGTGTAACGTTCTTCACTTTTCTTTTTGGTTCTTTACTATTTTTTATAA
TAATATCTAGACATAATTGTATATCTCATGATATTGGTAGAGTGACACTAGAATATCGTTGTTCATTA
TATTTAAGACCTTGGTTGTATTGCTCAGATAACTAACCAATGTTTTTTGCAATTTCTATAGGTATAAA
GATTCAACAAAAACATCATTCAAGTCCTCCACTAGATTAGAGTGCATGATGCAAGACTATCCCAAGAC
ACTGCCTCCAAGTGCAAGCGTTGGATTTACAGTAAGTAACTGCTGACAAGTCTTTTTTATTTAATATA
ATTTGATCCTTTAAAATCTATTTATATATATTCATGTGGTTATTAAAGAGCAAGTGGTATAACGTAAC
TTTGACATTCCTTAGGTGATGGATGCTTGGCTTGCTTATGCACCAGTGAAGAACAATCCCGAAGATGC
TGCTAAGGTACACAAGTATATTATGAGCATTAAATTATCTCAAAACTCTTTAGTCATCAAAAACTATT
TAGAATGTTTAGTTCAAACAAATATTGTTCTGAATTAATATTCACCAAGTCTCTAGTTATGACTTTGG
TATTCATCAAAATGTGATTCACTCTATATGACAATAAAGGAAGATCTGTTCCAAATCTAGATGTTCTG
GCTTAGATGTACAGCCTGTTTACACTTGTTGATTAGATGAGGTTCGTAATCAACGACGAGCTAATATT
ATCGAATATGTAGCTCTATTTTTTTATATAGGTGGTGCGAGGGAAGTGGTAGTAATTCAGGATACGGT
TTTAGTTATATACATGTGTGTATACAGTACTCCTTTATATATCAACTCTAGATTGTATATTCAACCCA
TTGATTCAATCTAGAGATTATCAACAAATGCTCTTGTTTTGAAGGTACCTAAGGGAAATCCATACCAT
AGTGCAACCTCTGGGGAAATGGCCATTTACCGAGCTAACAGCCTTATGCTCAAAAAGGTATTCTATCT
AAAATTTAGTTTAATCTTAATACAGGATACTGAATCTTTTATTCCATAATAGTTTTTTTGTGTTTCCC
AACCATACATTTCCACAAACGGAATCTAGCCATATATTGCATTCTAAAGAATAGTTGCCGAACCGTAG
GACTGAAGATCTGACCCTGAATTTCGTTATGTATATTCCAAGTTGGTGAATTAAACACATTTAAGAAT
GCCAAGTGTTTCAAGATAAGTTCAAAAGTGAAGCTAATTCTTCAGGGAATGTGAACGAACTTTCATTG
CAGATGCTTGATGCTAAATTAAGAGCTCTAGATCTTTCATAAATGTATAAACGCACTCGTGCATGTTT
TCCATGTGAACCATTGTTTTATAAATTCAAATTCATGAATTGCAACTGCTTTCGGAAAATAAAACTTT
TATTGTACCTATTTTTTTTTTCAGGCTGGTGTTAGTGTAGATGAACCAGTTCTTCAAGTCTTCAACGG
GCAAGAAGTGGAAGTGTGGCCACGTGTCACCTGGAGCCCTAAGTGGGCACTAACTTTTGCTGATGTTA
GAAGTAAATTGAGTGGAAAAAATTCAATAACACAAAAATCTACCTTAGTTATTAACAGTCGTAATATT
TTTCTCGAGGGTCTCTCTCTAGATGGTGCTCTTGTCGTCAACGCGGTCAAAGAAGCAGAGGTATATCT
TATGGTTAAATGTTTATTATTAAATATGACTCTTCTTTTTTGTAGGAAGGATCATACTATTTGTGTTA
GTTTTGGCTCTTTATTTTGTACAGTTCATGAGCCTCATTATAGGATTATCCTTAGTGATTTAAGTAGA
TAGCGCTTTGGCAATTTTTTTGAATATATTCCCTTGGCTGTCTTTAGTTGGTTATATCCGGGCTTTTT
ATTTTTCCGTTTTGTAAACCAACAATATCTTTTTTGTTTCTTTTTTGTTTCATCTTGTCACTGGTTTG
GATTTGATGCATGATATAGGTTTTTAGTGAGTTTTAATGTTTTTTGGGGGGGTATCTCCAAATGTGAC
AAAAGAACTTGGGAGTTTCTGAATTTGGGGGTTTCCACTAATCTGATTTTACTGCAAGGTTTCCTTGT
GGTGATTTCTCATTCCAGAAGAAATTAAGTTTTCATTTTGTCATGTTTCAACATTAAGAAGTCGTTGG
ATCTGACTGCAATCTTATTGCTAATGTATACGATTAAACTTAATAGTTTACTTGTTTCTAAAAAAATA
ACAGGTGAAAATTGGAGGTTCAGTGCAAAACAAAGGCTGGAGCCTCGAAAGTGTCGATTTTAAAGACA
CATCAGCACCTGAGGAGGTTAGGATTAGGGGTTTTCGGGTAAAGAGAGATGAGCAATTGGAGAAGACT
TACAGCGAGCCGGGTAATTTCTTCTTAAAGGCTTGAACCCTAATACCCAAAGATGTCAGTGATTCATT
TTCTTGCCATTTTGATTAATTCTTTTCTTTTTACCCGTTCATAAGTTAGAGACTGCTAGTCCTCCTAT
TTGAAACTGGGGAGACGGTAAATGGCGTGTGCGATTGTAATAAACTGTTTTTCAAGCACATTTGTCAT
CATATTTGTTACATCTTCGGAGCACCGCTCTCGGTGTAAATCCTGAGTGAATAAATTGGGGTTGGGTA
AAGTTGATTAGTCGTTTTGAGTTCGAAACTGTATTTTGATCTCCTCTGTTGACGAATAGAACTTTCAA
TTAAATTGTTATGATTAATTTTTGTTGCAAGTACTCCCGTAGTCGATGTGTCTCTTAGTACGTTGTTT
GATTGGAATTTGTTGTTCTTTGTCGTAAGAATTATTCAAAAACGATAAAACATGAACATAACGAATTT
GAGAAATGAGAACATAAGTTGTTTTAACTTTCTGCTAATGGAATTGAATCAAGATAA 
 
PvG51 (+/+) 
AGTTTTATGCACTCCAGAGTTCGGTACTAGTGGCGGAGCAACTACCAATAATGCCGGGTTGTCATAAC
CAAAACGTAATTTGCAGGGTTTGCCAAAGTCCATTACCTGAAATATTTTAAAGAACCCAAGGTGCATG
GGAAACAAACTTTTTGTTGATTTGAGTTGTGGTGGCAAACCTTCCACCCTTGGTTCAGTACAGACGTC
GATTGTTTTAACTACTCCTATTAGGCAAATACCATGAGAAGTATGATTAGTCAACTTTCTGGCCATTT
TAAAATTGTATTCTAGTTATTGTTTATAATCAAAATCCTTACTCAACTATGGCATACCATGGTTACAT
CTTTAAAAGTGAGACATCTTTTTTACATTACAAGGTAATTTAATTGTACTAAGAGGGCAAAAATCCTT
TGAAATTTATTTATATTTGCATAAATCATATATGATACATGTTATGCCAGACCCTGGATTTTCCTGGT
GGAAAAATAAGATTTACTTCAGAGATGAGATTTCTTTCTGACTCCCCAACAGAGAGGATACCTTGTTA
TCAGGTTCTTGATGACGATGGATACACAATGACGGGAAATGAGATTGAGCAGGTAATATCATTAGATG
TTTTGCATCTTGTATAATATTGAACAATGCATATGAATTATGTAGTGTACACAAGTGATACATCACTC
437 
 
ACGCTTTGCTTCCGTTTCTCGTTATTTCTTATGATATAGGTGAGCAAAGAAGTTGCAATGAAGATGTA
TAAAGATATGGTTACGCTTCAAACTATGGATAGTATATTTTATGATGCACAGAGACAAGGACGTATTT
CTTTTTATGTGACTTCAATGGGAGAAGAGGCTATCAATATTGCCTCAGCTGCTGCACTTACCTTAGAG
GATGTTGTATTGCCGCAGGTACAATATTAGTTAGGGTACAAGTCTTTCTTAAATACATAACTACTTAT
ATGTGTAAATCGTAACTAGCCTATTGTTGGTACTCGTCAACTACGTAATATGCCATGAAGATGTTTTT
TACTTATTTTTCCAGATTTTGGGGAAGTGATGTATTGAAAAATGCGAAACAATGAGAAGTTTTAGAAT
TTCGTTTGTTTTATAAATTAGTTGAAGGAACATAAGTCTTGAAGCAGATTGCAAAGCTATGGTTGTTT
TGGGCTTATTTTTCTTTCGATTTCCTACTTTCGGAACTGAGGGCATTGTGTTGCAGTTTTTAAGCAAA
TAAGCTGGATTTTTTTTGTGGTTCAGAAAAAATCTGCAAATATCTAGTTTAAGACTTCTAGTTTTACT
AGCCAAAATGCCAGAAAATTTGACCTTTTAAGCGATCAATCAAAAGTAGCTAAGATCTTAAACAAAAA
ACTAAAAATCAGAGCTTGAAAGCTTCAAGCAAACAAGGCCTTGTAACTATCTTTAACGAACAAAAAGA
GTGATCATTCAATTTTGTTTACTAGCTTAAGTGCACTTTATCCCCATCATAAGCTGAATTACAACTCT
TTAAGGTTATATTTAGAGACACATTCGTGATTTGCTTGTGCACTTTATACCTACATATGCAATGCAGT
ACAGAGAGCCTGGCATTCTTTTATGGCGTGGTTTCACCCTTCAAGAATTTGCTAACCAATGCTTTGGG
AACAAATCTGATTATGGCAAAGGAAGGCAAATGCCTATTCATTATGGGTCCAAAAAGCTTAATTACTT
CACAATCTCTTCGCCAATTGCGTAAGTGTTCTATTCTGTTTCTCACTATTTTTTTATTTTTTTTTGTT
CTTTCAAATCACTCATATCATTTTTTGTTCTCAGAACACAGATTCCTCAAGCCGTCGGTGTGGCGTAT
TCTCTCAAAATGGAAAAGAAAGATGCATGTGTTGTGACTTATTTTGGGGATGGTGGTACTAGTGAGGT
AATGAAATTTCTGCAAATTTTAAGTTTAGGAACAGGGTGAACAGATAAATATAATAAGGGAAAACAAT
CTATTGTATCATGAATTTTTAAATTTTACCGTAATTTCCAAAACATGTCATTATACATATCAGAAAAA
AAAAACAAGACGCATATTTGTGTTCCCGTCGTGAGACCGTGGAGATTTGCATTAATCAAATCTTGATT
TGGAGCGTTTTTGCAAAAAAGTGTCCAAGTTGATGTCTAAATTGATGTCCATATAACCTTTCCCTATA
TATATATATTCTGGTATTTTGCATTCTAATTGGGTTGTAATTTTGTCAGGGTGACTTCCATGCTGGGA
TGAACTTTGCAGCAGTAATGGATGCGCCTGTTATTTTCTTCTGCCGAAACAATGGGTGGGCCATAAGC
ACTCCTATTTCCCAGCAGTTTCGAAGTATTTCTCGTTGTCAATAACAATTGTATTGATTTAAAGTTAA
TATGATCATTTTGCTTCACTTTTCATTTATTTGGTCATTGCTTACAAGTTTATTCCCATTTCTATTGC
CATTTCTCTTAATCTATCATCCGCGGAAACAAAAGGAGTAACAAATTAGCATTTTGCAAGAAAAAAAA
CCCATACGTGTTCTTTAACCGATCTAGGAATGAGGTCACGTGTAAAATATGAATACTGTAATCAACAC
CGCTTTGTTATCAAAGCAAATTTTACTTTAGTTCCTGTTTTTTTTTTGTTCTTACAACAGGTGATGGA
GTTGTTGCTAAAGGTCAAGCCTATGGAATCCAAAGTATTCGGATAGATGGGAACGATGCACTTGCTGT
TTATAATGCCATAAGAGCAGCACGTGAAATAGCAATCACTGAACAAAAGCCCATACTGATTGAGGTGC
ATCTTGTTTCTTGTTTCAAAAATCTGATTTTTCTCCCTTTTTTTTTTCAATTCCTTCTTTTGTAAAAG
TTTTATATCTTCCATGTGAAACTTATGTGCAACTCTTAGACAAGAGAAGAAAAATCGACACACACATC
TTAATTACTGAACCATAACAACTGAAATTTAAATTATCTAAGCTCCTTTTATTGAGTAATTAAGTCTT
TCCAGATACCACAATTATGATGAAATAATAACATATCCAAGTTGTGTTTGCCCGGTAGCTTTTATTAA
GTTAAAGATAAATCAATTTAAAGGAGTAATGCACTACGTTGTTTTAGGGGTCATACTGTATGTAAGAG
TTTAAAGGTAAAGCGTAGGGGAAAAACAGGACACAGAGTTTACTGTTTTTCTGTACTTATGATGGCTT
TGAATTGTTAGGCACTAACCTATCGAGCTGGACACCATTCCACATCTGATGATTCAACGAAATATCGG
CCAGCAGACGAAATAGAGCACTGGAGAACAGCACGTAGCCCAGTTGCAAGATTTAGAAAATGGGTCGA
TAGAAATGGTTGGTGGACCGATAAAGACGAATCTGATCTTCGAGAAGATGTCAAAAAACAGGTTAGAA
CAAGTTATGAAGCAAAGTACTACTTATCCGGTTTTCCGTTATCATTCAAAATGTACTTATAACTGGTT
TCTGGTTATCGTTCCCAAAATGTATACAAACACACACAAGTGATTAGTTCTCAAGCAAACATTCTGAA
ACTAACCAGGGAAGGAGCTATGTGGTGGGCTAGAGCCCGCACTATCATAGGAGGTGCAGGGTTCGAGT
CTTGTTAAGGGGGTAGGTGTGAAATCCATTGATCCTCCTTAATAAGATTTTAAAAGAAAAGAAAAAAA
ATATGTGGTGCTCTTAGGGTGAGGGTACCCCTCGGTAATTACAAAAAAGAACATATCATTTTATGCGA
TATATTCTGAAACTAAATCTGACCTACATTCCTGCAAAAGTAATTTTCTCGTGTTCTGGATATTCTTT
TTGTTTTGGAACCGAAATGACACCAAGTCAAAGTCCTTTGCTTCTATGATTTTTTAGTCTCCAAGCTA
GGTACAACAAGAATTAAACACGAGACGGTGAAAATTTTGAATACTCAATCGAACATGTATTTATATTA
AACTGATGAATTTAACTGCTGCAGTTATTACAAGCGATACGGGTAGCGGAGAAAGAATCCAAGCCTCC
GCTAGAGAATATGTTCACAGATGTGTATGAAAGTGTACCTATGAATCTACGCGAACAAGAGGAGTCAT
TGAGAGAAACTATGAAAAGATATCCACAAGACTACCCTAAGGATGTCCCTTTGTAGATGGTATATACC
AAAACTTATAAAAATGGGGTTGTAATGGCATCTTTGTGGAGACAAAATGCGAAACTGTAAATTGTTAA
TGTCAGTAATTTTCTCTTTTTGTTTGACTAGCTTCTTGTTGCAGTTTTGGAAGGTTCCCTTACGGGGT
TGTTTGATTATTTCATGTTTTGATGGTAGAATTTAAAAGAGAATAATTCGCTTTCAGCTGATGCTGCA
AAAAAGATTCATTCAGCTTGAAACTTTCAACTTTTTTCAGCAAGAAACCAAAAAATAGATGAATTTGT
CAACAAAATAAGGTACTCTTAGGGACCGGATAAATTTTAGGGGTCTGAACTCTGAAGCAAAGTTGTCC
CAAAACAATACAAAACTTGAAAAAAGAAGATATGGAGATAAAATACTGGTGGCACAGGAAACACCGAT
ACAATAGATTTGAGTAAACAATAGATGACCTTGTAACTTGTTAGTCGTATACGCAAAGCAAATTAAAA
TATTTTTGA 
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